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SECTION 11.-GENERAL METEOROLOGY. 
SOLAB DISTUBBANCES AND TERBESTRIAL WEATHER.* 

By ELLSWORTH HUNTINOTON, Remarch Associate in Geography. 

[Dated: Yale University, New Haven, Conn., Mar. 7, 19lS.l 

I. EXTREME BAROMETRIC GRADIENTS COMPARED WITH 
SUN s POTS. 

The connection between disturba,nces in the atmos- 
pheres of the sun and the earth has beon so widoly, and 
often so intempera.tely discussed that no thoughtful stu- 
dent can a proach the subject without diffidence. The 
work of {ewcomb, KO pen, Hann, Lockyer, Veeder 

Hansen, Nansen, and many others suggests an intimate 
connection between so1a.r disturbances and terrestria.1 
weather. Nevertheless, all attempts to discover the 
nature of the connection have been baffled. Sonietimes 
the appearance of sunspots seems to be the signal for 
pronounced barometric disturbances in many parts of 
the world. At other times when sunspots are equally 
numerous, changes in the weather a.re conspicuously 
rare. 

The present series of papers presents the results of a.11 
investi ation of the relation between barometric, pressure 
and so f ar  activity. The terrestrial conditions a.re de- 
termined by a new method.marked by two chief charac- 
teristics: (1) The work is based on individual days in- 
stead of the month and ytar as in most investigntionu. 
(2) The barometric conditions are csprcssccl in trrnis of 
the average gradients, that is, the average divtaiice froni 
one isobar to another, instend of being expressed in terms 
of pressure. Thus all parts of a given map receive equal 
c.onsideration, and undue emphasis is not given to specific 
stations. 

The solar conditions include sunspots, facula, and the 
so1a.r constant. The sunspots are not reckoned in ternis 
of their total area as is usually the case, but in terms of 
the spottedwss in slm$c p r k  of the solar disk. As the 
final result of this investigation it appears that one of 
the most important solar conditions is thc di#crtwee be- 
tween the s ottedness in corresponding arms on different 

days the tota.1 sunspot areas a.re as shown in column A, 
while the eastern and western thirds of the sun's disk 
have the sunspot areas showii in columns B and C!. The 
difference between B and C is shown in D. I t  incirases 
from the first day to thc third, whereas the total spotted- 
ness decreases. 

Arctowski, Bigelow, Hi1 x ebrandsson, Kullmer, Hellardl 

ortions o rp the sun's disk. A concrete esnniple: will 
1 s lustrate the matter. Suppose that on three successive 

Total sunspot Sunspot arc3 Sunspot urea Piffrrenca he- 
of su~i's nast- 01 sun's we& t H wn urws I ern third. 1 e m  third. 1 of i: andl ' .  1 

First dry. .. . . . . . . . . . 500 150 130 
B e e o n d a y  .....___. 1 3 W l  fill 
Third day. .  ... . . . __. 

- 

m 
50 
100 

I I I I 
* Purchased and published by order of the Chiel of Bureau. 

This method of "solar differences" is the h a l  outcome 
of some 50 or 60 trials. Most of the trial methods in- 
dicated sonic sort of relation between the earth a.nd the 
sun. One after another, however, was discarded be- 
cause it led bo inesplicable con tradictions. The method 
finally adopted reduces such contradictions to small 
proportions, but does not entirely eliminate them, so 
that it can not be regarded as final. In this first paper i t  
will he esplaincd and illustrated. In later papers i t  will 
be ani lified and will be tested by other methods. 

Met!& qf computing the ba:rometrk gradients.-Since 
maps of barometric gradients are perhaps the best 
general method of illustrating the wenther conditions a t  
any given time, it seems appropriate to employ them in 
the present investigation. So far as the weat.1ier is 
conceriied, t.he most important fact is not so much 
whether the haroniet,ric pressure is high or low, but 
whet.licr the pressure differs much or littale from that 
which prcvailv a few hundred or n thousand miles away. 
In 0 t h -  worcIs, the important factor is the g d i e n t .  
On this, in genernl, de end the force of the winds, the 
violence of storms, an( P the chniiges in temperature and 
huniitlity. Tho barometric gradient between hi-o spe- 
cific points c ~ i i  easily be computed by a well standardized 
method. I t  is not so easy to compute t,he average 
-rarlient of large areas, for it has rarely or never been 
%me. Therefore, it  has been necessm to c1e;Tise a new 

t.0 hc to iiso clnily weather maps, ant1 count thc number 
of intciw?ctiol1s of isobars with tlic degree net foimcd by 
cvc~y fift,li iiic.ritlinn of longitude ant1 every iifth para.lle1 
of h t : i  tucl e .' 

nirtliotl. After various attempts tho 55 est plan seemed 

1 I n  the pmliminiiry inveslimtlons tho Bai1.v \wither m q i s  of the l.lnit.ed States. 
tlic htlmt.ii. Wezn wid Enrope. were emplove'l. It I:it.tcr Irr:uiie (r\ idcnl. that high 
prrssurc 8 1 ~ 9 s  slmiiid be se 3rdte.d Irnni tliosr' 1vit.h low yrcssure. Therelore attentlon 
will lw vonfiiird t i  thc Nor$ Atlantic 1.1venii wliirhran rrndilv he d11 ided iiilo B storniy 
nortlicrn arc.\ t i1  low ressure arid a southern itmit of h i m l r  'pre.wire iiiid Icw storms. 
Thc hest nmps of t:iP Garth A h i i t i v  arn those of tlie i.ier&l .\~iniIn~It,v. (Paisnrllvh 
Mnriiir. Uaiitwhe Sefwsrte. Intern%tioimlsr T)ck:iclcnhericht. l'liglphe Wotter- 
knrt.en des Ni~rd~tlrnlischeii OWDJIR. lNM-1913.1 Their ~ ~ i i o r d  oiit!lncs itre illustrated 
in l iv. 1. 

put at m y  
disposnl hv  the ?V'P.tl.her f i ; r r ~ u  through it.s Uostm ti(fire, :uid by thr F h c  IIlll Ob- 
wr;ntnrg thrimgh its d l r e h r ,  Prof. A. G .  McAdio. In rrilinling Ihc xrndients of the 
lriiitrd States I WLS xwiskd by Mr. L. W. Cnrroll of the noston Wc.ither Bureau office 
to whom it is a pleJsure to express my RrAitude. 

Tho isolxirs are d r w n  3t intcrvols of 5 niillimcters. 
The iimps iiwctl in tile rhpnrlrtion of this articlr were inost ccwrl.aousl . 

FIQURE 1.-North Atlantic Ocean as shown on the daily charta of the 
Stippled area Deutache Seewarte Internationale Dekadenherirhte. 

indicates stormy portion of the ocean aud neighboring lands. 
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The method can best be illnst4ratt?d by an exani )le. 
Fig. 2 shows the map for .Janunrg 8, 191 2. wlion tt inu.k(!(l 
cyclonic area was cent;l'al in lat,itutle 50"N. xiit1 lotigi tmlo 
5O'W. We begin oiir count with the 85th p:mlIt11 
which is intersected t h o  times, namely, By the isobars 
750, 755, and 760, (1000 mb, 1007 nib, and 1013 nil)). 

r 1 

PIQURE 2.-Distribution of preesure over the North Atlantic on Bept. 
8, 1911, 8 a. m. (Deut. Seewarte Internat. Dekadenber. No. 403 
[Hamburg, 1911.1) 

The 60th parallel is intersected 6 times by isobars 
from 740 to 765, (9S7 to 1020 mb), making a total of 9. 
Then comes the 55th with S intersections, and the 50th 
with 18 provided all the isobars that must cross the 
parallel are rolonged until they actuall do so. The 

marked 750 (1000 mb), so that these t\<o lines show 
three intersections in the space of 15'. The next isobar, 
however, has no intersection with the 45th parallel for 
the space of 35'. Thus one balances the other. Tho 
total number of intersections for the 45th nioriilian is 
14. This, it will bo noticed, is obtaiucd by prolonging 
the parde l  ovor the land dthou-h it is not clrawt on 
the map. The total number o r  intmwctions of tlto 
isobars with tho parallels is 76. Counting tho intm- 
sections with the meridians in tlie snmc way wc get 11 I ,  
making a total of 187. This is the raclient for 

as obtaincd from smoothed 10-year means, is 16s. 
Tlioreforo when the index is reduced to pcrcentltgcs of 
the normal it figures as 11 1. 

The concrete significance of the radient index may b t a  

maridisnu and dividing that len th by the nuniher of 
intersections. If the total longtf of the pnrallc!ZY and 
meridians should be 40,000 miles and tlie index, or nilin- 
her of intcmections, should be 100, tlie isobars would he 
separated by an average interval of approximately 400 
miles. A gradient index of 50 would mean an average 
interval of about SO0 miles. For pmctical pur )i)scs such 

niay be used directly as obtained b? countin-. A high 
figure means a high radiont, and in generar points to 
stormy conditions an d high winds. 

Although this method of computing thc grndir?nts an- 
swers our present purpose, it is open to certain objections. 
It gives a enuine measure of atmospheric sctivity, but 

is needed is some means of measuring (( turbulence," that 
is, both the intensity and area of atmospheric movements, 
hut as yet no such means has been devised. In  addition 
to this moral defect pertaining to the wholc science of 
nieteoro 7 ogy, there are minor objections pcrtaining to 

45th paralle r is crossed and recrossed ;g y the isobar 

Janiiary S, 1913. The normal for (2 t a t  particular clay, 

estimated by measuring the lengt P i of the parallels and 

a reduction to miles is not necessary. The in d o s  figures 

does not in 5 icate exactly the intensity of air flow. What 

this particiihr method. F I ) ~  instance, an isobar niay 
wtvor  hw.k :ind forth so that it (:rosses tlie s tme pnrdlel 
rcpiwtdly. Tu lditnre this, linwever, other isobars 
rr:lw:t.tctlly n.pl)i~)iwli the he:s  of the degree net, but do 
iiot vross thoni. A4ctuii.l study of tlie maps shows that 
neither of these ccintIit.ic~ns intivducw any appreciable 
error. The isnbaix thnt avoid the pnla.11ds are obliged 
to c.ir)ss the nir!riclians with greatcr frequency, ttncl vice 
VCISB. Moreover, in nn ~ i v n  so large us that included in 
the niaps of the Atlantic Ocean-more than 13,000,000 
:it iiare niiles---tlie: isolmis are sure to run in all directions. 
Idlien several c1ii-j- are averaged together, any possible 
wrnr fiom this source hemines negligible. 

A niorc inipnrtttnt objec.tion itrisos from the fact thiit 
the niericlinns cnnveigo northward. Sup Jose two storms 
wit11 itlcntirrtl I);tronietric grm~ien ts slioulc~ center in lati- 
tiidc!a 4~3" and 57" respectively. The number of intersec- 
tions would he in tlic ratio of 130 to 155, a difference of 
16 ier ccnt. In future investigations it will undoubtedly 
be b etter to use n net fornicd of equidistant lines instead 
of the degree net. This was not done in the resent case 
simply because it wtis impossible to underta P e so much 
estra work. Fortunately the use of the simpler method 
does not d te r  our results escopt to make them less dis- 

sideration is the 
important con- 

from one day to the 
17 per cent of thc 

Tho 
storm towrird the north 

or south, however, is usually only 2' or 3' and rarely 
escocds 5". In so short a clistnnce tho chsngc in gradients 
clue to the conveigence of the meridinns amounts to less 
than one-fifth of the average change due to other causes. 
It may n i d c  the other changes somewhat, but can not 
concesl them. In tho southern section of the North 
Atlantic the effect is less than in tho northern, for the 
iiroricliniis convrgo lesd rapidly. Tlic )arn.lle.ls, of C O U M ~ ,  

intnrdar.~ no error in the noiithcr of iut,c?rsc~:tir~ns. 
Uiitlcr ci?rtitin circ.umsta.nc.rs still iinotlit!r SOUrCB of 

i*ri?)r may nffec-t the iudcs liguros fnr hnroiiietric p a -  
tlic!nts. In sonio 1 ~ i i ~ t ~  OI tlio niaps the isohnix a r e  not 
<.it.rrictl to the ninrgin. Henc:o, in order t1iti.t tho wen 
undor c!onsideration may hc the smie a t  all times it 

to pivlong the isohis to tho niargin. In tho fiist o F 3  tlic 
hi:O111os ncrcssnry oither to use only p r t  of the nia 

comparisons hctwccn the enrtlt and the sun which will 
sliwtly Iw 1)rosantcd tho i-iist itltcniiitivo is :hp tod .  
f h l y  the arc?:: indicated bp dots in figure 1 is uscd, and 
it is mrd~v nocoes:rry to 1~1ydong tho istibsr~. 

111 1ii.tor conqmrisons, howovor, the ninp is clivitletl into 
two sc!c*tions lying north ~ n 1 1  south of the c:ur\-td solid 
liiic: noii,r the ccnter of figure 1. The advants.ges of 
ClJiplOying tho 1:iIpSt pnssiihlo ilreii Z L ~ B  SO grc:tt thitt tho 
111c!tliod of piidrmging tho isol)itls hits h ~ . ~ ? i i  d tcd. i n  

d i u ~ ~  ciiily II ft'w nc~w inteiwc~tiiins. A s  mnst of these are 
iiiwitalilo if tlic isohars are ydonged in 1.on.sonnhle 
f :d i i iu i ,  tlicy oi1.n ~i:ii.rt:cl~ intmi UC!? alii i?,pprot:iithle emir. 
In t l i i )  n~~rthorn swtion tlic ci1nstj IS diflorent. In  order 
tlw t i i i : i ~ i y  stornis 1 i i r b . v  ho ro(-konetl a t  tlisir true import- 
i! ,nl. '<! it h;w secnied wise to pr0101ig the  isobitm over the 
iinslintlotl region extending from Lnhrndor to the const 
of Itdnnil. In this area no barometric ohservations are 
:Lvtiilddp. 1Ienc.e in prolonging the isobars there is more 
or less npportunity for choico as to just what courses they 
s1dl tdio.  In order ti:) see h!iw grorst i m  error nlight thus 
hc intrc-iducecl, I took the daily 1iiitl>s for D'chruthrjr, 1907, 
a i d  plwlonged the isobars for each iiiitp in two ways, 

high ns 80 per cent. 

reiiiriiii c!qi.i:i.lly distrmt in it.11 p r t s  of t II io  mnp, iI,nd hence 

thc soutlicrii section of tlic North Atlantic: ot t is intro- 
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trying to make thein ass different 88 r ss ih le  :tnd vet 
remain within the bounds of piobahi ity. The difier- 
ence in the avora?ge number of intersections between iso- 
bars and de ree net by the two methods amounted to 
8 per cent o B the gradient index for the northern section 
of the North Atlantic. This figure, it must be remeni- 
hred, was obtained only b,v purposely innking the iso- 
bars as erratic as'could consistently .be done. In  ordi- 
nary cases where extremes are avoided, the pivhathle 
error is not half so great. Nevertheless, for this i'c?:i.son, 
as well as for others, small errors occiir const;tntlq-. 
Hence, although our index figures are the best a.t present 
available, they do not pretend to be more. than approxi- 
ma tions. 

In  spite of minor errors the i d e s  figures give n reliallle 
picture of the general course of baroruetrk changos frolii 
day to day. Within a week's time tahe gradients fre- 
quently.swin,o from 30 or 40 per cent below the normal 
to an equal distance above it. If all the possi1)lo errors 
should roach a maximum a t  the same time, and should 
all roduce an apparent swing in one direction, they 
c.ou& not cause a clifference half 8s great as this. AS a 
matter of fact, the various kinds of errors almost never 
reach a maximum at tho snine time, or combine in one 
direction. On the contraiy, their constant tendency is 
to neutralize one another. This is 
where large numbers of clays are 
This point deserves emphasis. The 
figures for barometric. gradients are less esact than for 
the areas of sunspots makes it rlouhly sipifictint that 
we h l  such strong sridences OI n relat,ionship. The 
errow in the index figures for gradients are not related 
to solar changes, for they aro due to purely t.errestrid 
and human causes. Therefore they fall indiscriminately 
at any hase of solar activity, and tcnd to coned whnt- 
ever re P ation may mist betwem changes in the weather 
and changes in the sun. If it wc?rc! possillle to o1)tain 
ahsolutdy corroctv figures for tSlis ti?rrcstrial grmliimts, 
the solar relationships which we din11 shortly point out 
would probably npponr even more mixrkotl tliuii at 
preson t . 

Method of computing sobr  cRmgrs.-If tho waat.litrr is 
influencod by the siui, c l ia~ig~s in the sun's atmosphere 
are presumably the snlltr phenomena chiefly ccInceiiio( I. 
Sunspots i re  the most ohvious tmcl easily meamrot1 
evidence of the clisturhotl stutc of the solar atmosphere. 
They hnvo 11ccm measured with groat esnc.tntvss cvnry 
ctay for many years. 'i'h ( h t n  are found in the tahlw 
of daily meiwuremm t.s of solar photographs piiliiislicc 1 
by the Greenwich Ohscm-atory. Most spo t.s volisist of 
two portions, iiainoly, a clnrk centnd uml)rih niicl a i  l i g l i t ~  
pennmlwa. The m i l  mil ureas average a l ~ n ~ t  ono-sis t.11 
as large as the whole arms.? l'licruforc, in order t,o 
work with smaller nunihers, the corrwhtl uni1)r:i.l a r ~ w  
are used for tlin y o ~ r s  10(.)4-1009 when sunspots wtm 
nl~iindaiit, while for t,liu years 11)10-1'31:< when s ~ t s  
\\-ere few, talie whole art!:~s have 1)een omploycrd. ldlim 
j t is necossnry to oht:tin the conil.inud rnsrtlts for the 
two sets of years, tho figures for wlide aroas arc divitlotl 
1 9 7  6. 

One of the cssenLitd p i n t s  of tho ~)rtasonL investigation 
is the division of the sun's visible sirface into c,eiitr:d 
and mwginal .porLionu. kcigure 3 shows the s1.in's disk 
divided into tlircn equal sections cwh with a width of 
60'. Tho ceitLral ssction includes tho part of the siin 
within 30' of the central meridian. In the c!iagnrm it 

2 The ratiw lor thc two yrarc l<IG and 1YM when suns ots wre  numerous arc S.ii a114 
6.1. For years when sun spots w r c  few tlicy we: 1910, h; 1011, 5.5; 1112, 5.3; 111':, 1.1. 
Average lor these six years, 6.1. 

appears much wider than tho others, but this is clue 
merely to foroshortening. So far as is yet evident after 
numerous trials, the strongest evidenco of a relationship 

FIGURE 3.-Conventional division8 adopted for the sun's disk. 

between the weather and the sun is found when the two 
outer sec.tionu are divided into northern and southern 
halves while the central section is left. undivided. 

Com.pa.rison. between gradients in the stoimy section of 
th,e 2\.7orth Atlamtic Ocmn aid suns ot arem for 1.90.4, 
1906, 1908, rm.d 1909.-In studying t i o relation of cause 
ant1 eflcct the normal order is to begin with the cause 
tuid seu how its extmmee or rctriations are rolnted to 
the si1 q>oscd rcsults. In tho prosunt case tho opposito 
mct,lioc 'I is dvisablc. From R familiar result mo are 
rcdiiiig oiit, to fintl nii miknown cause. Iience wo 
bagin with the rosills nntl inquire w h t  solar conditions 
prevailotl More  and after tlin times when tho torrestrial 
phenonienab were at one ostremc or tlie ot8her. One of 
tho final stops in this rocess will illustrntc the si.ccossive 
approsimnt-ions by wfich our ultimate results have been 
ol)t3ainod. The terrestrial clnts nrc bnsed on tho stormy 
portion of the North Atlantic trnd of tho ncighlIoring 
cont,inonts, t,liat is, on the area mnrkctl by dots in figure 
1. They cover the months of March 10 I)oceniher, 1904, 
and May to December cliirinm tlie t h e  yonrs 1906, 1908, 
ant1 1009. 1x0 seloction of' tlieee d.ates is purely acci- 
tloii t d ,  h i n g  determined by consiclcrstjons uiicomiccted 
with tlie present invostigation. 

AFter tdit! daily irides figures f w  grtulients had been 
obtainoil hp the method tlescribcc-1 a h w ,  tho (t proxi- 

bel- was calcrtlatc.d.3 These norin& tire! more than 50 per 
c(.!i:t grontcr in winter thnn in swiinicr. In order to elim- 
inate this sci~~orinl effect tlic iiiclcs figures liavc beeii 
rwluced t.o I)crccntages of the ~iormnl. Thus n S Q V W ~  
siimnior storm appears as importmt a.s a scvero winter 
slorm provided its gradients rise in ec ual proportion ahovo 
tho normal. Having retlnced tho grac ieiits to porconta es, 
i t  was easy .to se1cc.t from each year the days having eit er 

n1at.o iioriiiid grndient for each c1ti.y from March to 8 eccni- 

5l 
\ 

* In the preliminaryinvestlgation here under discussion the normala me only a proxi- 
mations bnsed on the monthly averages for the 4 y a w .  These sveragas are smoot?ied by 
the equation b-"-+y* and t5e results are ronnted as the normals for the 15th day of 
themonth. The values for the other dam are othined by intcrpolaticni. In the main 
inve<tition with whirh this .series of papers is chiefly concerned. tho claily iinrmirls are 
hawd on the smontied monthly auera:ss for 10 y c m ,  sud are ohtdned by iutergolirtion 
as desrribed aboro. 
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Day bedose steep gradlent. 

Days 
oi 

steep Day after steep gradlent. 
Fra- dlents. 

11. UMB- I N  RELATION TO 188 DAYS OF GENTLEST QRADIENTS. 

drmts. 

6th. I 5th. 14th. I ad. I ad. 1 Ut. 1 0 1st. I 2d. 1 3d. I 4th. I..- 
I------ ---__--- 

Day before steep gradient. // 11 Day aftersteep gradient. I 

I. Gerond dav before times of unusually 
stcop grdients .  -. _.... ... .. ._. ._... . 

11. Flrst day before times of unusually 
gentle gradients.. . . . -. . -. -. . . . . . . . . . 

111. Average conditions without regard to 
storminess, 1'904-1013. . . . . . . . . -. -. -. - 

I\'. Ratio of (I)  to expectation __.. - -. . .. . .. 
V. Ratio of (11) to expw.t.tPtlon .._._. .. .. ._ 

ern margm. 

Pcr E C I I I .  
30 

a9 

31) 

1.m 
0.9; 

This table presents several remarkable features which 
can best be appreciated by B study of fi re 4. The lines 

representing solar conditions in respect to steep gradients, 
and the dotted line in respect to entle gradients. In  the 

parts of the sun's visible surface for 6 d a p  b ore and 5 
days after 194 days of unusually stee gradients, while 

gentle gradients. During the years in question the 
ttedness of the sun was evidently much greater when "tp t e gradients were steep than when they were gentle. 

The maximum difference comes two days before what 
ap ear to be the terrestrial responses. 

Rr the r  analysis, as appears m E and B, discloses the 
important fact that the sun's central and ma mal por- 

atmosphere. Contrast the solid lines E and B. The line 
E, which represents the spottedness of the sun's margins, 
rises sharply from the sixth to the second day before the 
occurrence of steep gradients. The line B, on the other 
hand, which represents the spottedness of the central 
part of the sun, shows an almost e ually marked decline 

are there arranged in pam, the solid P me of each pair 

upper pair, A represents the tot f area of suns ots on all 

A' represents the sanie thing for 196 Y ays of unusually 

Bp 

tions appear to have m inverse relationship to % t e earth's 

until the same day. On that day t % e difference between 

the center and the ma.rgin rises to over 100 per cent, 
while during the five days after the time of steep gradients 
it averages only 40 per cent. The contrast between the 
two clotted lines, B' and E', is RS marked as between the 
solid lines, hut it is raversed. Days of gentle barometric 
gradients come after t h e s  of relative1 few spots in the 

in the center. It is wort-h not,ing that the two solid ines 
reach their cstreme poinb two da.ys before the related 
barometric conditions, while w-it,h t.he dotted lines the 
int,erval 'is only one da.y or less. This seems to su gest 

n.ot, more quickly t1ia.n those which steepen them. 
Cmn.pariso,i betuwn. the mn's cnsfcrn atid uvetern ? ~ & a r q h .  

Having seen that during tho four years in question the 
sun's niargins, rather than its central portion, ap ear to 

we are naturally led to inquire whether there is any 
difference between the influence of the east and west 
margiils. The answer to this qutxtion is incondusivo. 
The solid lines C for the east margin and D for the west 
in figure 4 show subst,antiaUy the same sort of masimum 
one or two days before the t'ime of steep gradients. This 
sug ests that so far as storms are concerned the influence 
of &e two mar ins is similar. The dotted line C', how- 

percept1 .%f e relation to the eastern margin, for it remains 
constantly near one level. A diniinution of spots on tho 
western margin, however, ns a pears fmni D', seems to 
occur in connect.ion with gent P e gradients, just as does 
an increase in connection with steep gradients. 

Another fact also suggests tl int  the western margin is 
more important than the eastern. The average height 
of the western lines, D and D', is decidedly greater than 
that of the eastern lines, C and C', and is nearly equal 
to that of the cent,ral lines, B aad B'. To put the matter 
more concretely, on the soconcl day before tiines of 
unusuttlly steep gradients the sunspots in the t h e e  sec- 
ticmu of the sun stand in t>he ratms indicated by the 
upper line of T u l h  2. If terrestrial storms had no rela- 
t.B,n to the sun's changes, and hence if these figures were 
a.rrhiged merely hy chmic.e, the ratios ought to be 
approximately ns in line 111. This shows the percent- 
ngc of spots visiblo in each of the three sedans of the 
sun durmg tho entire period from 1904-1913. I t  is 
typic:nl of the uvcrage anioiint of spottodness in each 
sect.ion of the sun's surface when lone eriods nre con- 
sidered. The average distribution o f  &e visible spots 
i1in.y he espressed hi another way, thus: The roportion 

364 per cent within 30-60" from the central meridian, 
anrl 33+ cr cent in the area more than 6OOfroni the 
c.enter. *his diminution in the area of visible spots as 
one proceeds from the sun's center outward is due 
1a.rgel.y to the wa in which the sun's margins are 

TABLE 2.-b!nliOS of siaispota on m-ious paYt8 of thc sun's su@.re. 

Q ninrginal portions of the sun and after x ays of many s ots 

that the conditions which flatten the barometric gra F ients 

have been effective in causing haromotric distur E anoes, 

over, su ests t. B at quiet baronietxic conditions bear no 

of spots is 40 per cent within 30" of the centra f meridian, 

t.urnctl away froni t X e earth. 

Central eoo i Withln 60" 
of sun's- /of siin's west- 
disk. ; ernmargln. 

37 

30 

1.23 E j 0.93 
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127 

FIQUIIE 4.-Total area of solar umbm in relation to days of extreme barometric gradients in the stormy area of the North Atlantic, 1904, 1906. 
1908, 1909. ..... . ..... areaa accompanying steep gradients. - areas accompanying gentle gradients. 
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Owing to the oblique angle at which they are viewed 
many small spots on the mar 'nal portion of the sun's 
disk and also parts of many T arge spots are invisible. 
This is different from the effect of erspective, for which 

with areas which are actually invisible, and which 
therefore can not be corrected for foreshortenin . 
of the figures in lines I and I1 to those in line 111, which 
are reckoned as the normal and hence are what would 
be espected. I t  appears that on the eastern margin 
the degree of spottedness (100 per cent) at times of 
steep gradients, as well as of gentle gradients (97 per 
cent), is essentially what would be espected. The 
western mar in, on the contrary, a t  times of gentle 

per cent), while a t  times of steep gradients i t  is more 
spotted (123 per cent). The contrast between 82 per 
cent in the central third of the sun's disk and 123 per 
cent in the western third in line I11 is so large that it 
may be important. It seems to suggest that stormy 
weather in the North Atlantic Ocean occurs a t  times 
when the central third of the sun's visible disk has less 
than the normal numbor of sun spots while the western 
third has more than the normal. In spite of tlie appar- 
ently preponderant influence of the western margin, 
however,.it must not be overlooked that in figure 4 
line C showing the spottedness of the sun's eastern 
maruin at times of stee gradients rises to almost as 
marEed a niasinium as 1 oes the correspoiirliiig line, I), 
for the wcstern margin. Moreover, aq we shall see 
later, certain other lines of evidence suggest, that the 
eastern margin is the more important. Htmce there 
seems to.bc no good ground for concluding that either 
margin is especialy important. The two margins to- 
gether, however, seem to exert an important influence 
upon terrestrial storminess. 

Sunspot areas at times qf great changes in gmdients.- 
The results set forth in the precediii pages seem to 
warrant a fuller stud along the same fines. ~ i e y  also 
seem to show that t T iere is a marked contrast between 
the behavior of high-pressure and low-pressure arcas. 
It therefore soems wise to investigate the whole of the 
North Atlantic Ocean for a period of 10 years, including 
times of few suns ots as well as of many. The years 
1904 to 1913 have E een selected, since they are the only 
10 years for which both the solar and terrestrial data 
are a t  present available. Even so, it has been neces- 
sary to omit the months of January and February, 1904, 
as 110 maps of the Atlantic Ocean are a t  hand. In  
order to compare areas of hi h and low pressure the 

indicated by the heavy, solid line near the middle of 
figure 1. As already explained, it seemed advisable 
to estend tlie isobars over the uncharted area from 
Labrador to Greenland. 

For each section of the Atlantic the daily index 
figures for barometric aradieiits were obtained by the 
method .already descri8cd. The ckily normals were 
then calculated, and the indes figures were reduced to 
percentages of the normal. In  order to get a measure 
of the variability of the weather the changes in these 

ercentages from one day to the next were also calcu- 
rated. It is interesting to find that on this basis the 
variability of the high-presure area in the southern part 
of the North Atlantic Ocean appears greater than that 
of the low-pressure area farther north. Of course the 
actual c.hange from day to da in the stormy low- 

in the other, but 

allowance is made in all our solar a ata. It is concerned 

The figures in lilies IV and V of Table 3 show t f e ratio 

gradients is K ess spotted than would be expected (93 

Atlantic Ocean has been clivi( f ed iiito the two sectioiis 

pressure area is much greater t i an  T 

by reason of the gentleness of the gradients the per- 
ecntage of change in the south esceeds that in the north. 

Let us first examine the condition of the sun's surface 
at times of great chan os in barometric gradients in the 

this purpose I have selected all the days during the 
years 1904 to 1909 when tlie gradients in the northern 
section of the North Atlantic Ocean show a chan e 
amounting to 30 per cent of the normal or more. T fe  
areji of the solar umbrae has been computed for each 
of sis sections of the sun's disk having a width of 30' 
of lon itude. The days of barometric change were 

those showing a clecreaso. T h o  results are shown in 

northern section of t 5 e North Atlantic Ocean. For 

divide f into tliose showing an increase of gradients and 

'railie 3 ~ .  
TABLE 3.-Areirs of umbrs. 

Solar longitude. 00-110 W ZII-I~O" W. 0-30" Itr I O . 1  I 
01 gradiFntx ..__.__.___ 

C. Umbral areas 1W-191:;. . 
1) A corrected on Imwla of C . 
IS. Trcorrectcvlon IiasisufC. 
F. U expressed in Ixwrnt- 

R ~ W  or the overag 
are13 within 311D of WII- 
trnl mrridlon.. . . . . . . . 

G .  E esprcastrl In pcrccnt- 
agvs 01 the avcrage 
orm within :{O" of 
rrntrol mpridian.,. . . . . 

H. Avhr;igr of F and ( I  ... . . 

of gradienis .___. . . . . . . A. 119dnysnfgreattn~rearo 

n. 1.14 daw of zrrat kreaac 
2,775 

2.411 
34, &-a) 

4,720 

I 
4,130 

123 

111 
117 

3,753 

3,173 
57, R'{O 

3,773 
3, is? 

95 

102 
100 

n-200 E. 

3, A01 

3,682 
57 i57 

3, ai2 
3: $101 

102 

98 
100 

In  Table 3 lines A m i i  B show the actual umbral 
areas for days of great increase uid decrease. Luie C 
shows the avera e distribution of sunspots for the 
10- ear period. fn  the next two lines the figures of A 
an C Y  B have been corrected on the basis of line C in order 
to eliminate the effect of the foreshortening of the mar- 
gins whereby many small spots and parts of large spots 
tire rendered invisible. The correction is based on the 
assumption that in line C the figures would all be esseii- 
t i d y  the same as those in tlie two central sections if the 
visibility wore ever-ywhere the sanie. In  lines F and G 
the same facts are espressed in percent . The last 

in the strength of barometric gradients during the period 
1904-1909 there was an escess of spottediiess between 
30' and 60' from tlie sun's eastern margin and within 
30' of the western margin. Since a certain amount of 
delay apparently occurs between the time when the sun- 
spots are effective and the time when their effect becomes 
most manifest 011 the weather maps allowance should 
be made for the sun's rotation during this period. If 
this is done the figures in the table should be shoved 
somewhat to the ri lit. hi other words, because of the 

column of Table 3 are of no significance. They pertain 
to conditions a day or two after those which seem to be 
associttteil with barometric chan es. Hence their aver- 

w%y the sun's western margin appeared on a former page 
to be more important than the eastern. As a matter of 
fact the two margins a pear to be essentially equal as 

60-90' W. wid 30-60' E. When these numbers are 
shoved to the right in Table 3, and when allowance is 
thus made for the sun's rotation, it ap ears that changes 

associated with an abundance of suiispots approsimately 
10' to 40' from either margin of the suns disk. The 
solar relationship of an increase in barometric gradients 

line sums up the whole matter. On days ryjos o great change 

sun's rotation the i gures in the riglithand or eastern 

awe is approximately 100 (actu L y 99). 'This explains 

appears from the num : ers 117 and 122 in longitudes . 

in barometric gradients in the North A tlantic Ocean are 
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seems to be stronger than that of a decrease as ap ears 
from a comparison of line F, having values of 123 an a 133, 
with line G where the corresponding values are both 111. 
"his, however, is of minor importance compared with 
the outstanding fact that both margins of the sun 
apparently have a genuine connection with changes of 
barometric gradients in the Atlantic Ocean. 

Compa&m tf North Atlan.tic b p r e s s u r e  an,d high- 
esmre areas wzth solar quadrant diflerenees, 1904-1 01.3.- E is important that our results should be tested in mmy 

different ways. Therefore let us employ still nnotlier 

the .greatest increase in gadients also fall among the 500 
havlli tlie highest gradients. 

In f ealin with the solar data we shall this tinie employ 
a nietliod m%ich takes account of only the marginal parts 
of t31ie sun, at. a distance of more than 30° from tlie central 
meridian. Each marginal section is divided into a 
nort,hern and a southern half by means of tlie solar 
equator. "bus on the out,er bordei3 of the four solar 
quadrants formed by the ccntral ineridian and the 
equator we have the four areas marked A, U ,  C, and D in 
figire 3. In accordnnce with indications which grew 

A 

.-- --- c 
SQUTHERN SECTION NORTHERN SECTION 

GREAT.€ST INCREASE 

- 18000 
- 16000 

D 

- 14060 
- 12000 
- 10000 
- 8000 
- 6000 
- 4000 

2000 I----- _... ---- ----. **---------C---__-. 

SO~THERN: SECTION NORTHERN SECTION 
GREATEST INCREASE 

FIQURE 5.-Solar differences (unsmoothed) NW.+SE. coxnpsrcd with NE.+RW. (CY. TaMe 3). -- ZTmbrrP, 190.1-1 909. 
............. :rlltd Brt'a, 1!~10-1913. 

method of comparing the sun with the following four 
types of barometric conditions: (1) The days with 
hiqhest adients, (2) the days with lowest gradients, 
(3) the %ys with greatest increase in the strength of the 
gradients, and (4) the days with greatest decrease. For 
each of the 10 years the 50 most extreme days of each 
kind were selected. I n  some cases the days of highest 
gradients and of greatest increase are the same, just as 
are the days of lowest gradients and of eatest decrease. 

increase or decrease is followed by several relatively 
uniform days with unusually high or low ndierits as 
the case ma be. For example, in the nort f? ern section 

This is by no means the rule, however, P or often a sudden 

of the Nort i! Atlantic only 211 of the 500 days having 

more and more distinct as one method after moteher was 
t,riecl, t,he mini of the spots in the outer parts of the dia- 
metrically op ,osed < u.ndmnts A a.nd D is conipared wit~li 
the siim of die sinii\ar pair B mid C. I t  is inimaterial 
which of the two sums is larger. Their difference seems 
to form an approximate meamre of t.he sun's effect in 
caiir-iiig 1inromet.ric changes from day to day. I t  may 
hc? terined the difference between the marginal portions 
of t,he diaixetricdy united pails of qiiadrants. For the 
sake of l)revit.y, however, niid in liru of some better term, 
it will hereafter he referred t.0 as t,he "di~inetric quadrnnt 
difl'erence, " or siinplp the Ii quadrant difference. I' 

'l'ahle 4 mcl figiires 5 and ci give'sonie of the r~snlts 
cil)t,:iined hy this method. In t.he diagranL9 t.he solid 
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lines show the areas of solar umbm during the 6 years 
from 1004 to 1009. These years we.re characterize.d by 
abundant sunspots. The dotted lines indicate totaZ arm8 
of sunspots from 1910-1913.4 In examining fi res 5 and 

are about 6 times as high as they would be if umbrse: were 
used for the years 1910 to 1913 as well as for 1904 to 1909. 
Only a t  the bottom of the diagrams have the dotted lines 
been reduced to a scale commensurate with that of the 
solid lines. 

6, i t  must be remembered that most of the CY otted lines 

each diagram, and the other the inner air. All four of 

scribed as risin to a maximum not far from the left- 

To this extent they may be calle similar, but the 
similarity is so vague t,hat it  would be rash to draw con- 
clubions from it. 

At,lantic and low radients and great decrease in the 
nort,hern section f o  not gire much evidence of any 

the outer curves, that is, A, D, E, an f; H, may be de- 

hand end, and t a en gradually cleclinin toward the right. 

rdients and great increase in the sout P iern section of t e North 

fi 
Hence it ap ears t,hat high 

1000 
0 

6000 
5000 
4000 

In  each vertical series of curves in figures 5 and 0 the 
upper three pairs re resent the solar conditions during 

mediate season, includin April and May in the spring 
and October and Noveni % er in the autumn, and (3) the 
summer from June to September. The lowest pair of 
curves, - below the heavy lines, represent the entire 
year. 

solid lines a t  the 
bottom of figures 5 and 6, the will t e  seen to fall into 
two groups. One comprises t 91 e outer pair of lines in 

(1) the winter from B eceinber to March, (2) the inter- 

If attention he limited to the heav 

4 The smoothed relative sunspot numbers from 1904 to 1913 are as followq accord- 
ing to ivolfer: 1904, 44.1; 1W5, 55.7; 1906, 80.3; 1~01, 50.0; IW, 51.2; 1909, id.6; 1910, 
11.0; 1911,6.5; 1912,3.4; 1918,2.2. 

clear-cut solar relationship. It must be remembered, 
however, that in a revious comparison where the most 
stormy ,arts of bot I! the northern and southern sections 
of the korth Atlantic were considered, and where we 
dealt only with years of abundant sunspots, we found a 
solar relationship in connection with both high and low 

adients. In figures 5 and 6 the other four lower curves, !K C, F, and G, display considerable similarity. Each 
descends slightly on the left, and then rises to a shar y 
defined niasimum one or two days before the da mar l? ed 

mum is followed by a steep arid regular dropuntil the 
third day after the day of reference. Then comes a more 
or less pronounced ascent. 

zero, which serves as the point of re€erence. 1y he maxi- 
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l#w: 
wlnt em...: ..... 
Intermediate... 
summer ........ 

TABLE 4.-Daily difmences bectwctll rEistwbance8 of mn'8 surface in NW.Y.+SE. quadrants and in NE.+S W. quadranla. 

F a  the yeam 1eoClOOg the &urea denote the areas of solar umbrae while for 1910-1913 the demote total areas of suns ota and should be divided bv 6 to make them com- 
mensurable with the umbral areas. In all only the part of the sin mom than 30' from t t e  central men& is con&ered. 8ee Figures 6,6, and 7. 

IN RELATION TO DAYS OF GREATEST INCREASE IN SOUTHERN SECTION OF NORTH ATLANTIC OCEAN. 

!Summary H 1-6.1 1 

9 
!a 
21 

1 678 
1: 140 
1,059 

1 53i 
1'299 
1:052 

1905: 
Whtw ......... 
Intermediate ... 
Summer ........ 

Total.. ............. 

19 
19 
14 

1908: 
WInter. ........ 
Intermediate.. . 
summer ........ 

18 
14 
18 

Total.. ............. 
190'1: 

winter ......... 
Intermediate.. . summer ........ 

11 
16 
a3 

635 
894 

1,611 

............... 

775 
4.M 
508 

747 
1 076 
1:40l 

638 

667 

Total.. ............. 
1908: 

winter ......... 
Intermedlate.. . 
summer ........ 

18 
18 
14 

Total. .............. 
1809: 

Winter .__..___. 
Intermediate ... summer ........ 

14 
17 
19 

675 
981 

1,m 

3,937 

5, i25 

4,905 

14,4!37 

$31 
1 189 
1:508 

.............. 

4,580 
5,300 

5 . W  

15,687 

Total.. ............. 
1ooclsoB: 

winter ......... 
Intermediate ... 
lhrmmss ........ 

Total ......... 
1910: 

WhtW ......... 
Inhmediate ... 
8ummer ........ 

89 

104 

107 

300 

14 
16 
20 

............... 

4,566 
4,461 

5,171 

14,198 

4,858 
5,257 

4,781 

14,706 

Total.. ............. 
1911: 

Whter. ........ 
Intermediate ... 
swluuer ........ 

10 
19 
21 

.......I ........ 

l9la: 
Winter.. ....... 
Intermediate ... 
summar ........ 

16 
16 
19 

1913: 
W h t w  ......... 
Intermediate ... 
Bummer ........ 

Total.. ............. 

15 
15 
20 

1910-1913: 
winter ......... 
Intermediate ... 
summer.: .__._. 

55 
65 su 

Grand total 1W4-1~: w-. .............. 
Intermediate.. 
srumllar.. 

Total.. ............. 

....... ............ 
15,773 

............... ............... ............... 
16,104 

I- Days before. 
- 

1 
- 

10 - 
....... ....... ....... 
....... 

....... ....... ....... 

....... 
779 
350 
692 

....... 
a04 

1,112 
924 

....... 

535 
784 
355 

....... 
ma .. 879 
871 

....... 
:4,450) 
2 800 

3: 125 
:4,065) 
2,842 

:5'4001 

13,915 

1 729 
1: 116 
3 , m  
....... 

467 
1,346 

30 
....... 

62 
s3 

393 

....... 
62 
0 
8 

...... 
2 m  
2' 545 
4: 397 

9,261 

....... ....... ....... 
13,459 - 

- 
I - 
atia 
378 
489 

...... 

a, io8 w 
1,151 

...... 

810 
430 
sua 

...... 

899 

::E 
...... 

673 
539 
384 

...... 
603 

1, no 
752 

....... 

5,277 

4, 
5,431 

IS, (08 

a 771 

a, ma 1: 216 

....... 

231 
1,101 

614 

....... 

635 
1 , m  

221 

....... 

138 
0 
0 

....... 

3 7su 
4: 020 
3, 

11,343 

....... ....... ....... 
17,498 - 

- 
4 

- 
2 

- 
2 
- 

335 
438 
443 

...... 

1 1w 

813 
1: ow 

...... 

693 
508 
527 

...... 

5d8 
752 

1,766 

...... 

592 
645 
4% 

...... 

5% 
98[( 

1,015 

...... 

4,134 

4,426 

5,063 

13,623 

1,361 
1,405 
3, 
...... 

133 
1,351 
286 

...... 

360 
563 
283 

...... 

@I 
80 
45 

...... 

1, @a 
3 3M 

9,591 

4: 292 

...... ...... ...... 
IS, 223 
- 

- 
3 
- 

241 
45: 
4% 

...... 

1,m: 

1,032 
95t 

...... 

695 
531 
Bu: 

...... 
858 
511 

2, 

...... 

571 
6% 
411 

...... 

a 
938 
808 

...... 

4,751 

4, ON 

4,281 

5.441 

1 168 
1:817 
3,570 

..... 
27 

913 
338 

..... 

249 
910 
381 

..... 

17 
97 
31 

..... 

1,462 
3 737 
4: 321 

9,520 

..... ..... ..... 
5,869 
- 

- 
7 
- 
...... 
...... ...... 
...... 

...... ...... ...... 

...... 

723 
490 
352 

...... 

592 
959 

1, os5 

...... 

615 
302 
659 

...... 

7% 
1, E 

:+ 6 
...... 

: 5 ' m  
2' 955 
:4: 114 
2,804 
13,746 

1,510 
637 

2,850 

...... 

378 
924 
144 

...... 
43 

613 n 
....... 

I7 
0 
0 

....... 

1,978 a 174 

7,224 

3: 072 

...... ...... ...... 
5,9!w 

- 
8 
- 
...... 
...... ...... 
...... 

...... ...... ...... 

...... 
807 
362 
775 

...... 
619 

1,193 
735 

...... 

606 
343 
423 

...... 

471 
1,073 

628 

...... 

($2 
'3 E 
(3: 888 
2,564 

13,094 

1329 
1:045 
2,554 

...... 

572 
559 
42 

...... 
69 

55 
9 7  

...... 
103 

0 
0 

,.__.. 

2 om 
1' 871 
2: 651 

6,594 

...... ...... ...... 
14,194 

- 
9 
- 
...... 

7 8 

355 
773 
535 

...... 

1 759 
1' 338 
1: 029 

...... 

559 
587 
596 

...... 

737 
7No 

2, 304 
...... 

622 
715 
532 

...... 

435 
822 
858 

...... 

4,482 

5,021 

5, = 
15,355 

1 , m  
2 m  
2; 840 

...... 
141 

1,216 
471 

....... 
70 

1, 
214 

....... 
0 
0 
0 

...... 

1,588 
4 665 

9,77b 

3: 535 

...... ._._.. ...... 
6,985 - 

1/ E 395 
251 
5!34 
471 

...... 
2,166 on 

912 

...... 
Bb8 
377 
7!xi 

...... 

1086 

1: 147 
1' l63 

...... 

784 
r188 
504 

...... 
836 

'4% 
...... 

5,770 

4,659 

4,106 
IS, 155 

2 o n  
1' 608 
1: 769 

...... 

187 
1, E 
...... 

270 
843 ns 

...... 

113 
70 
0 

...... 
2582 
3: 616 
2, 

8,791 

...... ...... ...... 
6 

508 
521 
41s 

...... 
a, 691 

1, 
774 

...... 
705 
372 
613 

...... 
1 1M 
1' 166 
1: 165 

...... 
7-30 
6% am 

...... 

619 
966 
897 

-.._._ 

8,108 

4,3211 
4,667 

IS, 394 

21 E 
2,371 

...... 
a08 

1,044 
757 

...... 
612 

lJ 

...... 

248 
0 
0 

...... 

3.765 
3) 585 
3: 989 

IO, 719 

...... ...... ...... 
17, I84 - 

410 
631 
886 

....... 
1686 
1:SM 

840 

...... 
794 
5(M 
740 

...... 

666 
1 378 
1: Bgg 

...... 
778 
m 
546 

...... 

532 
1.078 
188 

...... 

4, a 5  

4, 
14,570 

5,416 

'2 386 

2, = 1: 215 

...... 

m5 
931 
969 

...... 

773 
1, 

...... 
30 

. 4 4  
0 

...... 
3138 
3' le# 
3: 785 

IO, 447 

....... ....... ....... 
16,310 - 

aar 
501 
246 

...... 

1 In 
1'091 
1: on 
...... 

673 
475 
601 

...... 

1020 
I' 124 
1: 351 

...... 

3lg 
56.4 
633 

...... 
705 
882 
955 

...... 

4,564 
4,463 

4, me 
13,893 

954 
1,537 
2,253 

...... 
194 
591 
606 

...... 
449 
247 
297 

...... 
62 
12 
0 

...... 

1, 
2 387 

7, 

3: 156 

...... ...... ...... 
IS, 123 - 

!a34 
734 
784 

...... 

1 704 

5so 
1: 081 

...... 

799 
411) 
673 

...... 

722 
1 172 
1: 627 

...... 
413 
476 
495 

...... 
500 

1001 
1: 232 

...... 

4,370 

4,875 

5,400 
14,615 

1,113 
2 361 
3: 180 

......, 

a32 
656 
388 

....... 

136 
72 
13 

....... 

133 
44 
32 

....... 

1664 

3.623 
8,419 

3: 132 

....... ....... ....... 
16,065 - 

884 
74 1 
sa 

...... 

1,202 
1 , m  

531 

...... 

838 
378 
733 

...... 

751 

lJ % 
...... 

552 
493 
393 

...... 

588 
1 154 
1:077 

...... 

4,207 

5,71i 

4,272 

I4,IW 

793 

3% 
...... 

246 
s21 
473 

...... 

34 
25 

190 

...... 
190 

45 
72 

...... 

1, 
3 m  
4: 417 

8, 

...... ...... ...... 
15, (61 
- 

...... 
Total.. ........... I- .. ""'I....... ........ I ....... ...... 

...... ...... ...... 

...... 

478 
490 
817 

...... 

801 
1057 
1: 334 

...... 

491 
376 
418 

...... 
403 

1,108 
475 

....... 

13,726 

1,707 
957 

3,356 

....... 
YJO 
895 
59 

....... 
135 
110 
474 

....... 
22 
0 
0 

....... 
2436 
I' 962 
3: 891 

8,2439 

....... ....... ....... 
15,106 

...... ...... ........I....... 
so4 
388 
795 

639 
259 
646 

...... ...... """"I.... ... 

794 
1382 
1: 357 

800 
1 276 
1: 632 

.......I....... 

........I ....... .......I....... 

,.......I ........ .......I....... 

aaa 
885 
197 

...... 

241 
1,329 -m 

............... I Total.. ............ I- . . -. -. . 
0 

12 
235 

318 
112 
330 

Total. ...... ._I ...... """'I.... .... 
!B2 
97 
31 

121 
0 

32 .......I ........ ...... ........ 

Bs8 1 152 
3429 2'633 
5 : m  4 : m  

........ l m  Total. IO, as 16, 37b 

...... ...... ...... 
16, 177 
- 

........ ........ ........ 
17,417 - 

* The numben In perentheses make allowance for the numbers misslug In lsol and 1905. 
67611-1-2 
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TABLE 4.-Daily &ffmnm between distwbaneee of wn's mrfm in NW.+SE. quadrants and in NE.+GW. quadmnLa-Continued. 

For the pears iQ04-1!#32 tbe figures denote the a r w  of solar umbrq while ior 1910-1913 they denote tots1 amas d sunspots and s h e d  be divided by 6 to make them com - 
mpmsarable with the umbral areas. In all owes only the part of the snu more than 30' from the central merldlan Is oollllidered. 6cs 3'tgurea 4 8 ,  and 7. 

IN RELATION TO DAYS OF GREATEST INCREASE IN NORTHERN SECTION OF NORTH ATLANTIC OCEAN. 

- 
1 

490 
521 
419 

1557 
1'013 
1:osS 

903 

1,087 

Pay of 
great- 
est ln- 
crease. 

-- 
338 
4% 
445 

.............. 
1205 
1'417 
1:351 

.............. 
959 

a 0 5 5 5 0  
039 

.............. 

9 

5919 

L8.176 
s'm 6:748 

10 -- 
............. ............. ............. 
............. 
............. ............. ............. 
............. 

............. ............. ............. 

............. 

............. ............. ............. 

............. 

............. ............. ............. 

............. 

............. ............. ............. 

............. 

............. ............. ............. 

............. 

............. ............. ............. 

............. 

............. .............. ............. 
.............. 
.............. .............. .............. 
.............. 
.............. .............. .............. 
.............. 
.............. .............. .............. 
.............. 

.............. .............. .............. 

.............. 
4 138 

If441 
5'302 8'087 

1901: 
Winter... ........ 
Intermedlate.. ... 
summar. ......... 

- 
9 

22 
19 

291 
847 
324 

_..-.. 
983 

1: 110 
1038 

...... 
773 
705 
591 

...... 

2, M8 
698 
804 

...... 
527 
617 

1,218 

...... 
260 
705 
565 

...... 
5 080 
4: 810 

4,396 

2 797 

4,700 

1'030 
2: 964 

....... 

m 
775 
304 

...... 
380 
905 
56 

...... 
121 
97 
0 

...... 
3 687 
a' 907 
3: 324 

1805: 
Winter. ,. _ _  ___. _ _  
Intermediate.. ... 
Summer .......... 

16 
15 
19 

190k 
Winter. .......... 
Intermedate.. -. . 
Summer .......... 

IS 
15 
17 

1 %  
2: 144 
1,483 
...... 

410 
705 
580 

...... 
920 

518 
1,031 

...... 
0 115 
0' 278 

17,574 

2 184 

5: 181 

2:w1 
2,298 
....... 
300 
704 
378 

....... 
289 
l31 
258 

....... 
175 
115 

0 

....... 
2968 

(1 4751 

2' 951 
2: 833 

8:ESl 

....... ....... ....... 
19,849 

I5 752 

1808: 
Winter. .......... 
Intermdate.. ... 
Summer. ......... 

19 
14 
17 

lgog: 
Winter. .......... 
Intermediate.. ... 
Summer .......... 

14 
15 
a1 

1910 
Winter.. ......... 
Intermediate.. ... 
summer. ......... 

17 
14 
19 

1911: 
Winter. .......... 
Intermedlate.. ... 
Bummer .......... 

18 
'23 
11 

191a 
Wintar ........... 
Intermediate ...... 
summer .......... 

1: 
l i  
16 

1913: 
Wlnter ........... 
Intermediate.. ... 
summer .......... 

1( 
l i  
l! 

Grand total 1904-1919: 
Winter. .............. 
Intermediate.. . summer .............. ....... ............ ............ ............ 

13,713 

I9 U 9  
lei686 
9 426 

4x661 

15,Ix 

10 181 
0:871 
10 74' 
@:81< 

Winter.. ................. 
IntermEdlate.. ........... 
Bummer.. ................ 
Whole year.. ............. 

Days alter. Days b&m. - 
0 

- 
5 

- 
4 

- 
3 
- 

429 
838 
465 

.-._.. 
I, 471 
994 

1, 

...... 
752 
616 
741 

...... 

% 
1,606 

...... 
708 
455 
089 

..... 
805 
735 
520 

..... 
5 574 
4' 297 s: 283 
5,154 

1324 
3: 118 
1,862 
..... 
336 
781 
523 

..... 
919 

133 
a 

..... 
4: 
12 

C 

...... 
2 0 %  
3' a 
2' 53( 
:1: 521 
9, lzi 

...... ...... ...... 
16,67! 

16 26! 
IS' 15; 
11:Sac 
12, ga: 

- 
1 
- 

411 
479 
303 

...... 
1,435 
630 

1,456 

...... 
1,021 

488 
897 

...... 

1 180 
1:817 
860 

_.._.. 
434 

% 
...... 

561 
645 
724 

...... 
5 oaa 
4,734 

14,192 

3,047 
378 

2,112 

4; 430 

...... 
382 
888 
294 

...... 
ala 
95 

899 

...... 
74 

147 
a 

...... 
3,715 
1,508 
3,105 (gi 
...... ...... ...... 
15,584 

15 038 

13:711 
IO' (78 

39,491 - 

- 
2 
- 
330 
607 
452 

..... 
13!B 

271 
I: 075 

..... 
869 
ti43 
728 

..... 
1863 
1'414 
I: 428 

.._._ 
014 
Bso 
47a 

..... 
788 
811 
45: 

..... 

5 8 8 1  c 3% 
4: 60( 

5,603 

1 451 P 33: 
$05: 

.... 
38 
911 
38. 

.... 
79 
111 

e4 

.... 
9 
8 

I 

..... 
2 0 3  

2: 49 
3' 45 

..... ..-.. ..... 
17,03 

I5 70 
14' 24 
12' 42 
la: 37 

2 
_. 

375 
363 
353 

..... 
1,191 

1,567 
790 

..... 
903 
551 
709 

..... 

1 3sg 
1:036 

740 

..... 

528 w 
570 

..... 
527 
6W 
494 

..... 
4 811 
I' 294 
4; 493 

13,598 

1,641 

2, os 
295 

.._._. 
4z 
901 
171 

...... 
251 n 
7M 

...... 
3s 

231 
I 

..-.. 
2 3 5  

3,01: 
(1 131 

1: 4f3 

6:82: 

..... ..... ..... 
14,731 

I 4  26 

13: 33 
38,81 

11'011 

- 

3 
- 

303 
419 
303 

..-.., 

814 
791 

I, 513 

..... 

542 
444 
885 

..... 
1,078 
803 
835 

..... 

415 
383 
672 

..... 
503 
807 
471 

..... 

3 055 
3' 487 r: 692 

4 834 

1,783 
497 

1,7sr 
...... 
426 
9% 
214 

...... 
641 
51( 
71: 

...... 
s: 

12: 
3: 

...... 
a 781 
a' 124 
a' 72 

7,631 
(1: a?: 

...... ..... ..... 
13.10: 

I6 01: 
11'UI 
12: 88! 
@, 531 - 

4 6 0 - 
282 
014 
525 

...... 
L, 179 

870 
732 

...... 

015 
710 
83Y 

...... 

I 291 
1: 246 

n70 

...... 

716 
597 
9a6 

...... 
093 
703 

1, 

..... 
1 778 

4: 972 

I ,  490 

1 W  

II 740 

1' 846 
1: 3@3 

..... 
113 

1,311 
0 

..... 
22a 
407 
a10 

..... 

?! 
0 

..... 
2 341 
3' 407 
1' 800 
:lJpe 
7: 351 

...... ...... ...... 
U,714 

14'213 
13 77m 

11'51~ 
18: 50( 

7 9 8 7 

241 
670 
870 

...... 

881 
597 
gaa 

...... 

729 
514 
891 

...... 

1 049 

SM) 
1: 449 

..... 
692 
357 
805 

..... 
652 
io9 

1,063 
..... 
4 224 
4' 326 
5: 041 

3,591 

1860 

2,513 
1: 499 

..... 
128 

37 
1,502 

..... 
167 
024 m 

...... 
154 
#i 
31 

...... 

2 tl2i 
3' 7% 
2' gel 
:1: 655 
)Jrn 

...... ...... ...... 
15,141 

I4 2.51 

13'071 
IS' 072 

12: 401 

239 
028 
430 

..... 
1482 

749 
1: 152 

..... 
025 
775 
705 

..... 

1,544 
80!d 

1,004 

..... 
930 
384 

1,543 
..... 

558 
774 

1,313 

..... 

5 424 
4' 555 
5: 744 

15,723 

1853 
1' 4z 
2: 5% 

...... 

01 
83; 
a! 

...... 

3% 
42: 
24011 

...... 
1M 

e4 
t 

..... 
Z ' b :  

a: 85: 

7; 88; 

2'87, 

(1 31' 

..... ..... ..... 
17, Rt: 

13 7 1  

13'm 
11'16 

38: OB 

204 
033 
369 

...... 
1,180 

884 
1,378 

...... 
475 
41.3 
M d  

...... 
049 

I 508 
1: a10 

...... 
457 
081 
s35 

..... 
735 
847 
272 

..... 
4 0 8 0  r' 740 
4: w 
3,726 

2822 

1: 913 
1' 482 

..... 
551 

419 
1,W7 

..... 
301 

1,039 
ala 

..... 
2?2 

E 
c 

...... 
398( 
3) m 
a: 64: 
' 1 , a  
tO,II( 

...... ..... ..... 
15,411 

8 831 

5,411 
B, 03 

9: 38' 

408 
735 
415 

...... 

1, OQCJ 
811 

1,107 

...... 
797 
575 
623 

.-.._. 

1047 

959 
1: OM 

...... 
534 
898 
597 

...... 
600 

485 
1,163 

....... 
4533 
5' ase 
4; 180 

13,985 

2893 
1: ne0 
1, 
...... 

511 
1,145 
as0 

...... 
633 
189 
791 

...... 
191 
55 
32 

...... 
4 148 

(1 743 

3' !a33 
3: 027 

1o:w 

...... ...... ...... 
u,m 
18, 304 
10381 
9: 6% 

48,57i 

388 
857 
427 

..... 
888 
888 

1,104 

..... 
8% 
634 
574 

..... 
goB 
380 
031 

.._.. 
688 
406 
418 

..... 
704 
882 
558 

..... 
4 488 
3' 845 
3: 713 

12, m 

2 34G 
2' OM 
2: 355 

...... 

Bo; 

21( 
1, 

...... 
46l 
!u 

591 

...... 
2% 
71 
41 

..... 
3 w  
;a5 i z a  

(l'ssl 
10: 111 

395 
590 
521 

...... 
732 
962 
913 

...... 
018 
537 
982 

..... 
803 

1,152 
1,014 

..... 

649 
514 
032 

..... 
589 
573 
942 

.-.._ 
3884 

5,004 
3,236 

a 237 1: 151 
2,087 

4; 348 

...... 
352 

1,343 
110 

...... 
58f 
665 
7% 

...... 
e4 
13( 
4! 

...... 

...... ....,. ...... 
14,812 

IS 67I 
13' 701 
LS'Sll 
I(: 90: - 

509 
706 
471 

...... 
1,629 

971 
803 

...... 
704 
588 
779 

...... 

1,442 

1,109 
478 

..... 
547 
3 1  

1,059 
..... 

887 
084 
544 

..... 
5 515 
3' 784 
4: 955 

4,257 

1, 9R 
3 142 
1: 3s9 

..... 
2a 
944 
1% 

...... 
1,": 

ai 
...... 

18! 
44 
t 

...... 
355: 

1: 81: 
4' 13: 

...... ..... ..... 
IS,&(l 

Ib 92! 

9,33 
15; 86 

la, 111 

457 
645 
482 

..... 
1 167 

810 
1: 500 

...... 
837 
470 
631 

...... 

4 %  
808 

...... 
694 
594 
748 

..__.. 

888 
980 
082 

...... 
5 041 
4' 719 
3: 802 

13,722 

Z s O B  a' 045 
2: 104 

...... 

511 

2a 
1,081 

...... 
I 

78f 
ll 
384 

...... 
271 

( 
3: 

..... 
4 39. 

(1 71t 

3' 1P 
2: 74! 

lo: 2u 

397 
710 
346 

...... 
1,032 

650 
1,21s 

...... 
4RS 
533 
649 

...... 
740 

1,573 
841 

...... 
549 
sa1 
814 

...... 
593 
795 
402 

...... 
3799 
5' 088 
4; 089 

12,956 

2908 

2: 176 
1' 431 

...... 
485 
984 
433 

...... 
5&I 
22.8 
401 

...... 
224 
81 m 

...... 
4 m  

3:Oll 
(1 061 
9: 941 

2' '13( 

...... ,...... ...... 

- 

Total. ................ 1 

Total.. ........ -1.. .... 
Winter ........... 17 

termediate... .. 17 
p-er .......... I '  16 

1ww: 

Total ................ I- 
1498 
1'941 
1: 023 

....... 

515 
5% 
525 

...... 
819 
732 
549 

...... 

5653 

4: 532 

15,806 

5' 722 

1 mi 
1' 121 
a: 734 

...... 
428 
823 
985 

...... 
o(1 

181 
343 

.._._. 
1% 
161 

E 

Total.. ................. I 

Total. ......... -1.. ... 

Total.. .............. I 
Winter ........... 93 
Intermediate.. I 98 

1904-1809: 

... .......... I lO8 summer 
......... I 300 Total.. 

Total.. ............. I- 

Total.. .............. I 

. Total ................ I 

Total.. ................ I 
1910-1913 

Winter. .......... 6: 
Intermediate.. ... 71 
Summer .......... B: 

2005 

(1,3!Z 

2' 2w 
3: 472 

8,379 

...... ...... ...... 
17,202 

I 4  1% 
12' 50! 
11'obl 
37: 70! - 

Total. .......... 

Total ............... I 
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TABLE 4.--Daily chfferenccs between disturbam of mn'8 surface in NW.+SE. quadrants and in NE.+S W. quadmnt4'ontinued. 

19oL: 
Wintar ......... 
Intermediate. .. 
Siimmer ........ 

Total.. 

For the yeam 1904-1!X9 the &pa denote the orBB(I of solar umbrae, while for 1910-1913 the denote total areaapf sun o b  and shnuld be divided by 6 to make them cow- 
mensurable with the umbrslareas. In all caaea a l p  the psrt of the sun mom than 30" from tge central merldlan 18 cons%red. See Figurer 4 6 ,  and 7. 

IN RELATION TO D-4YS OF GREATEST DECREASE IN SOUTHERN SECTION OF NORTH ATLANTIC OCEAN. 
[Summary H 1-12]: 

clulas. 
7 6  --- 

6 2l2 337 
24 640 588 
20 271 328 

............................ 

177 
719 

1,281 
688 
916 

848 
373 
762 

763 
1637 
1:384 

174 
702 
760 

778 
991 
624 

3,821 

6,W 
4,881 

13,787 

2,842 
1,438 
1,933 

110 
sal 
671 

188 
287 
283 

46 

3 175 
2'258 
2:832 
8,263 

15,164 

1906: 
winter ......... 20 1,163 1,200 
Intarmediate ... 15 WW 955 
summer ....... 1 1 5 )  w[ 854 

4 3  
-- 

363 
888 

4 4 0 5 9 8  

.............. 
2,089 

769 
778 

.............. 
637 
909 
749 

.............. 
863 

1,588 
1,876 

.............. 
117 
548 
513 

.............. 
709 

1,168 
697 

.............. 

4,878 

5,878 

5,008 
15,564 

2,532 
2,063 
2,043 

.............. 

108 
915 
Wtl 

............... 
354 
504 
375 

............... 
3 5 8 9  
0 0  

31 

............... 
3 074 
3'482 
3 : w  

9,609 

............... ............... ............... 
17,166 

TOM.... ..... I ...... i ........ 1 ....... 

119 
670 
533 

1,394 
1.295 
890 

1W6: 
winter ......... 
Intermediata.. . 
Summa ........ 

4 5 6  
--- 

180 208 
736 i31 
419 318 

...................... 
1,727 1 1M 

i88 1:333 
1.207 1,252 

Totel.. ........................... I- I I 

700 

416 
700 
931 

1901: 
Winter. 

Summer 

....................... 

2,100 1,800 
1,053 803 

775 930 

....................... 
730 870 
416 4!29 
758 979 

....................... 

Total.. ............................ I I  I 

............................... 

............................... ............................... ............................... 

1908: 
Winter 
Intarmediate.. ....... 

703 725 
496 377 

1,182 lw 
...................... 

672 811 
645 713 

1,62!! 1,307 

...................... 

235 315 
530 '125 
505 1,070 

...................... 

614 578 
83s 1,263 
684 868 

...................... 

3,637 4,336 

4,4i4 4,602 

5,316 5,336 

13,127 14,274 

Total.. ..... ..I.. ... ..... ..... 

807 
284 
754 

1,111 
588 

1,301 

27U 
632 

1,113 

499 
1.303 

6135 

4,088 

4,850 

5,373 

14,322 

1m 
Wlnter.. ....... 
Int8rmedtata... 
summer.. ...... 1014 

1:139 

Total.. ....... 
1m-1909: 

Winter. ........ 
Intermediate.. . 
sunnner.. ...... 

Total.. ....... 

8 1 0 6 3 0  
983 
581 

19 
19 
18 

..... 

81 

104 

115 

509 

521 

945 
1,089 

4,071 

5,951 

772 553 

1:117 662 
1 191 1,289 

....................... 

6,315 5,161 

5,286 5,011 

............... 

4,571 

4,476 

5,451 

14,498 

E310 
WIUter ......... I il I 2,513 I 4,oeS 
Intermediete ... 1,799 889 
summq.. ...... 1,922 1,775 

4,398 
4,277 

5,360 
14,M 

Total ......... I ...... I ........ I ....... 
a23 
603 
877 

1911: 
In-te-./ Winter. ........ .,;/ 1,: 

summer.. ...... 

...................... 
388 344 
828 1,134 
438 273 

Total ......... I ...... I ........ I ........ 
467 
324 
376 

1012: 
wintar ......... 
Summer l29 

...................... 
659 463 
230 236 
296 379 

...................... 
I 

Total ......... ...... ........ ........ 

2 m I 2 808 
1 ' 8 ~ ~  2'186 
3 : W  I 3:23l 

8,499 I 8,025 

15,160 16,108 

1918: 
Winter ......... 
Intarm&te.. 70 
Summer 24 45 

3,184 1 a20 
2,759 d,m 
3,195 4,427 

9,138 8,999 

............................... ............................... ............................... 
16,891 17,635 

Total ......... ...... ........ ........ 

Total ......... 
erendtotelm-m 

WInter.. 
Intamdate.. 
summer.. 

Total ............... 

inwow. 
Intermed&te.~~ WIntnr ......... 52 63 1 3 5'150 138 1 4 3'101 511 

summer ........ I 2 : m  2:m 

2n 10,954 10,034 

............................. ....................... 
16,324 15,708 

............................ 

Days bedae. - 
I -- 
n4 
7w 
494 

....... 
1,439 

64a 
888 

....... 
585 
316 
713 

....... 

485 
1,211 
1, 

....... 
na 
634 
697 

....... 
572 
8M 
884 

....... 

3,625 

4,319 

4,988 
12,926 

3 610 
1: 761 
1, 

...... 
269 
805 
784 

...... 
0 

366 
158 

...... 

22 
0 ea 

...... 
3 910 
2'932 
2:941 

9,783 

...... ...... ...... 
14,557 

Day 0: 

374 306 300 ::I El E 

'.".."I" """I....... 

........I.......+...... 

5,564 I 6,066 I 6,275 

15,586 16,667 16,447 I I  
2,009 I 2:; I 1,324 
2,414 2, 093 
2,575 2,102 1,789 

0 

....... 1 ........ I ........ 

10,251 8,805 8,159 I I  

- 
1 

3'1 
5€2 
488 

....... 

1,851 
1,014 
1,134 

....... 
607 
579 
772 

....... 

90s 
764 

1,697 

....... 
465 
813 

1, 

....... 
394 

1,226 
893 

....... 

4,352 

4,861 

s, 789 

15,102 

1304 
1: 547 
3,792 

...... 
542 

1s 133 
244 

...... 
215 
43 

471 

...... 
14 
99 
6 

...... 
2 075 

4,618 

9,410 

2:822 

...... .-.-.- ...... 
16,770 - 

2 

lW 
IS1 
422 

...... 
1,34s 
1.343 
1.001 

...... 

636 
537 
713 

...... 
8 1  
445 

1,868 

...... 
390 
668 
814 

....... 
460 

I, 144 
451 

. . -. . - ,  

3,820 

4,=3 

5,064 
13,707 

2,559 
1,460 
3, 
....... 

396 
1,337 

258 

....... 
0 
E? 
a66 

....... 

18 
82 
0 

....... 
2 972 

4: 432 
2'891 

IO, 2% 

....... ....... ....... 
15,423 
- 

3 

202 
750 
428 

...... 
1,309 
1,037 

568 

...... 

786 
439 
859 

...... 
666 
566 

1.653 

...... 
.w5 
774 
709 

...... 
344 
753 
407 

..__._ 

3,802 
4,328 

4,617 

12,747 

3480 

2,977 
1: 162 

...... 
126 

1,lM 
164 

...... 
77 

469 
228 

....... 
8 
0 
0 

....... 
3 691 
2: 799 
3,369 
9,859 

, ...... ....... 
, ...... 
.4,390 
- 

Days after. 

.......I ........ I ....... 

.......I........I....... 

139 236 180 
803 8O8 721 
346 428 265 

...................... , 

212 s69 638 
614 920 703 
408 474 331 

....................... 
78 40 0 
0 0 0  
0 0 0  

....................... 
2848 2379 2605 
2'318 I 2'666 1 2'487 
i s 0 1  4 : W  3:eSl 

9,967 9,575 8,973 I I  

7 1 8 1 9  10 ---- 

.......I ........ ........ ........ 

.......I ........ ........ ........ 
1,;: 1 1 , g l  1,g 1 918 822 

1,339 1,098 1,315 2,542 .......I ........ I ........ I ........ 

.......I ........ ........ ........ 

.......I ........ ........ ........ 

14,743 14,768 15,368 '16,135 I l l  
2,334 2326  986 2'38:! 3.088 1 2,419 516 I 2,630 8 2  I 3,744 1,068 

.......I ........ ........ ........ 

32 461 31 

....... I ........................ i l l  

The numbera in pnr&hwes lasore elloaence for the numbwa missing In lW4 end 1905. 
I 
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TABLE 4.-Daily diffcrencea between disturbanas of sun's au@w in NW.+BE. quadrants and in NE.+BJY. quadranta-Continued. 

For the years leoClwB the denote the of solar umbrae, waile for 1910-1913 the denote total areas of suns ots and should be divlded by 6 to make them com- 
~UenSarSble wlth the umbral amw. In all cams only the part of the sun more than 30' from tge central meridlsn Is codered. &% Fivurea 6,6,  and 7. 

IN RELATION TO DAYS OF GREATEST DECREASE IN NORTHERN SECTION OF NORTH ATLANTIC OCEAN. 
[SUmmarY €3 7-E]' 

687 
359 
323 

0 6 4  
__-- 

639 422 
431 443 
365 358 

763 
421 

3 2 1  
--- 

5 2 2 6 6 3  
801 
391 

1 W .  winter ......... 
Intermediate ... 
summer ........ 

12 
20 
18 

685 
599 
375 

...... 
1550 

1: 354 
1' 345 

...... 
1,013 

602 
454 

....... 
1 2 6 2  
1'353 
1: 038 

....... 

249 

l1 E 
....... 

610 
949 
411 

....... 

5289 
5' 891 
4: 196 

15,346 

2 631 
2' 370 
1: 474 

...... 

355 
688 
483 

...... 
373 
47 

378 

...... 

l i 3  
131 

0 

...... 
2 532 
3' 234 
ai336 

8,101 

...... ...... ...... ...... 
166% 

1169 
I:U9 

947 

782 
743 
899 

1 104 

1:563 
1'580 

385 
953 
766 

933 
1,128 

521 

.............. 
1201 
1:051 
1,082 

.............. 

1,087 
461 
919 

.............. 

912 
1480 
(571 

............... 

288 
1,115 

646 

............... 

1,043 
7S2 
355 

.............. 

...... 

1, E 
749 

....... 

694 
5i.1 
605 

....... 
1 108 

1: 223 
1'670 

....... 

236 
845 
588 

...... 
790 

1,039 
a73 

...... 
4 w  

3,180 
14,086 

3 619 

5: 300 

3' 193 
2: 413 

....... 

797 
515 
183 

....... 
794 
73(1 
435 

....... 

185 n: 
1 

....... 
5,292 

3 , 3 a  
4,61i 

13,172 

....... ....... ....... ....... 
16,M 

1 W .  
Wlnter ......... 
Intermediate.. . 
Summer ........ 

19 
18 
13 

1- 
Winter. ........ 
Intermediate.. . 
Summer ........ 

18 
16 
16 

...... 
I 

881 
1,541 

677 

....... 

281 
751 
913 

....... 

512 
894 
281 

....... 

4505 
5' 036 
3: 889 

13,230 

2 314 
3' 769 
3: 008 

...... 
984 
352 
103 

...... 

769 
769 
641 

...... 
342 

0 
45 

....... 
4 409 
4880 
3,388 

UI 6931 

....... ....... ....... ....... 
15,346 

1908: 
Wlnter ......... 
Intermediate... 
Summer ........ 

12 
20 
18 

512 
603 
76.3 

483 
759 
594 

................ 
1809: 

Winter.. ....... 
Intermediate.. . 
Summer ........ 

16 
17 
17 

Total.. ............ 
1€04-lsog: 

Winter ......... 
Intermediate.. . 
summer ........ 

Total ......... 

91 
106 
lo(: 

Jw 16,298 

1798 
2:lM 
i,tw 

450 
691 
40 

213 
541 
185 

183 
87 

2 6 4 3  
3'783 

8,571 

2: 145 

17,727 

15,828 

16653 
2'208 
i:aio 

.............. 
834 
775 
252 

.............. 
546 
111 
237 

.............. 
112 
55 

6 0  

.............. 
3 145 
3'149 

8,593 
2:m 

.............. .............. .............. .............. 
17,264 

1910: 
Wlnter ......... 
Intermediate.. . 
summer ........ 

21 
14 
l! 

1912 
Winter. ........ 
Intmmedlate... 
summer ........ 

l!  
11 
11 

345 

32 

...................... 
74 86 

45 31 
o o a  

1913: 
Wlnter ......... 
Intermediate.. . 
summer ........ 

2. 
1: 
11 

191M913: 
Winter. ........ 
Intermedlate... 
summer ........ 

71 
BI 

4 081 

2,241 

9,893 

3:648 

............... ............... ............... ............... 
15,843 

3,391 
3 , w  
3,111 

10,191 

l6,73E 

GrandtotallWW-1913 
Winter. ............ 
Intermediate.. 
summer. ........... 

.... 
..... 

Days before. D8p eiter. I-' - 
8 

- 
4 2 6 0 7 

I- -- I 
511 
w2 
405 

...... 
I 2 0 8  
1) 728 
1: 266 

...... 
?wI 
563 
474 

...... 
1 124 
1' 309 
1: 331 

...... 

212 
875 
e15 

...... 

1 0 0 3  

291 
1: uo5 

...... 

4 S Y  
6' 173 
4: 402 

15,429 

2 166 
3' 400 
1: 320 

...... 
369 
378 
Iw1 

...... 

620 
'12 
273 

...... 
BB 
M 
0 

...... 
( 3 5 9  
2' 82(1 
2: 084 
8,236 

...... ...... ...... ...... 
16,893 

612 
470 
300 

615 
454 
442 

,..... . 
1609 
I' 197 
1: 887 

...... 
849 
r24 
566 

...... 
1 136 
1: 714 

0% 

...... 

351 
5sl 
538 

...... 

708 
755 
424 

...... 

5 14l 
5' 424 
3: 55l 

14, W 

1 87: 
2: 211 
2,681 

...... 
ag: 
m 
4z 

._.._. 
351 
3m 
44 

...... 
w 
ti 

I 

...... 
2 If: 
3'07, 
3; 45 

%M 

...... ...... ...... ...... 
15,671 

500 
589 
349 

...... 
1,574 

ai9 
473 

...... 

83a 
690 
876 

...... 

83(1 

489 
1,888 

...... 

55! 
382 
53s 

533 
574 
370 

....... 
1327 

618 
1:oSS 

...... 
1,065 

613 
868 

...... 

761 
1,678 
805 

...... 
743 
$90 
794 

...... 

735 
ti54 
872 

....... 

5 213 
5' 4w 
4: 427 

15,lJB 

2,635 
1,086 
2,139 

....... 
39t 
60! c 

....... 
11! 

231 
1,3% 

....... 
81 

131 
4: 

....... 
3 2% 
3' lo( 
2: 4ol 

8,741 

....... ...... .__.._ ...... 
I6,59! - 

332 
804 
444 

..... 

1108 

631 
1: 170 

..... 
856 
695 
817 

..... 

625 
951 

1,134 

..... 
762 
'104 

1,239 

..... 

8% 
tin 
I2 

...... 
4 87f 
4' ai 
5: 09i 

14,aom 

1: lo! 
3 051 

2,034 
...... 

w 
331 
0' 

..... 
49! 

1,47! 
2u 

..... 
1M 
ti 
3 

346 
673 
279 

..... 

1 5 4 4  
1: ?le 

r 8 8  

..... 

630 
590 
757 

..... 
108:  
1: 07t 

878 

...... 

491 
771 

1,338 

...... 

7a 
51( 
&2! 

...... 

4 83: 
4' 94: 
4: 8G: 

I4,W 

2,71: 
88' 

2,351 

..... 
46 
40 
29: 

..... 
32 
75 
22 

..... 

1% 
7f 

I 

..... 
3 6 3  

2; 87 
1'96 

8,47 

..... ..... ..... ..... 
16,05 

!m 
747 
473 

...... 

1,214 
825 
953 

...... 

824 
539 
740 

...... 

1, 
1, 
1,284 

...... 

288 
SW 
953 

236 
790 
518 

...... 

1 2 Y  
1:013 
653 

...... 

963 
702 
935 

...... 

l!&X 

1,436 
1: 290 

170 
017 
479 

...... 

I, 128 
809 
551 

....... 
'800 

760 
689 

....... 

1 363 

2,001 
1: 439 

....... 

ill 
103 
752 

....... 

5i6 
i60 
524 

....... 

4 355 
5: 083 

14,434 

2306 

3,152 

4, WtJ 

1: 122 

....... 
538 
367 
la4 

....... 
2% 
637 
4 0  

....... 
101 

0 
45 

....... 
s !a1 

3: 821 
3' 126 

9,208 

....... ....... ....... ....... 
15, w) 

Total. ............. I- ..... ........ ......I ........ ........ 
1,421 

701 
834 

Total.. ...... -1. ..... ..... ........ ......I ........ ........ 
772 
579 
711 

...... 

788 

496 
1,294 

...... 
495 

1,219 
%a 

...... 

850 
961 
570 

...... 
4 841 
4' 67: 

13, b4! 

2 87: 
3, 51! 

4: 1% 

1: m; 
...... 

gg: 
161 
81. 

...... 
1,OL 

88; 
77 

.._..- 
!a 

I 
3 

...... 
5.10 
4 37, s: 33 

4 8 7  

...... ...... ...... ...... 
15, 79 

673 

I1 I 
Total. ............ I- ...... ........ [ ........ 

Wlnter. ........ 14 
Intermediate.. . 18 
summer ........ 18 i 1W: 

Total. ............. I ......I ........ ........ 
419 sas 

1,116 

223 
745 
943 

Total ........ .( ..... ...... 

529 
763 m 

m 614 416 
7% 
932 

...... 

4 279 
2: WJ 

13,596 

5,335 

2, 
1,931 

i64 

...... 

691 
401 aoc 

...... 

384 
111 
a3( 

...... 

2ai 
PA 
( 

...... 
3 511 
1:64c 
2,m 
Y, 51! 

...... ...... ...... ...... 
I4,84! 

415 
912 
476 

...... 

4 315 
5) 45s 
4: 950 

14,723 

1 746 
I' .z?2 
1: 158 

...... 

013 
313 
247 

...... 

113 
636 
M 

...... 
94 
97 
3.2 

...... 
2 605 
2' 168 
1: 47a 

b,3ll 

...... ...... ...... ...... 
15,773 

53! 
60: 
63L 

...... 

13,M 

1 , s  
2 181 
3: 111 

...... 
46 
52 
191 

...... 
14 3 

...... 

9 
'I 
3 

...... 
am 
3' 79 
3: 56 

9IW 
...... ...... ...... ...... 
14.75 

....... .). ...... 
5 le 5047 

4:716 5 , W  
4'335 I 4:m4 

14,227 14, I W  15,039 I 
Total.. ............ I .......I ........ ....... 

1911: 
Winter.. ....... 1I 
Intermediate ... 1: 
Summer . ......., 1; 

Total.. .... ...I_. .. ............... I I ....... 

Total.. ........... I 

Total.. ........... I 
4 6 9 5  
3'366 
2: 530 

IO, 591 

...... ...... ...... ...... 
15,992 

4 w  

2: 381 

9,4l 

2' 08 

..... ._._. ..... ..... 
1b,3b1 

TotP ......... I 201 

Total.. ......... I .... 
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TABLE 4.-Daily difertnces between disturbances <d sun's azlrfoce in NW.+SE. quadrants and in NE.+S W. qua?mnta-Conhued. 

6 7  

493 
5f33 
251 

............. 

1.557 
1.m 

717 

647 
1 ,n l i  

733 

.............. 

-Is5 
1.471 
W? 

.............. 

93 
m0 
596 

.............. 

1.220 
,198 
(135 

$E 
&.is4 

13,896 

2,461 
2.?78 
1;350 

"73 
1,394 

30i 

251 
572 
59 

............. 
135 
70 

.............. 

3,120 
4 315 
1:716 

9,151 

.............. .............. .............. 
15,421 

For the years 1904-1Wd the 6gum denote the 8 1 ~ ~ s  of solar umbrse while for 1810-1913 they denote total areas of sum ots and should be divided by 6 to make them com- 
mensurable with the umbral a-. In all am only the part ol the SA more than 30' from tho central meridian is consixered. 

IN RELATION TO DAYS OF HIGHEST GRADIENTS I N  SOUTHERN SECTION (IF NORTH ATLANTIC OCEAN. [Summary Jl-EP 

-.- 

-- 
516 
6114 
3% 

1.LT4 
1.041 

5% 

............. 

slio 
G q  
643 

503 
1,361 

968 

424 
534 
802 

1.338 
532 
630 

.............. 

::E 
3,MC 

13,560 

4,089 
1.333 
1,891 

.............. 

3. 
3% 
7: 

.............. 
71 

44. 
I 

4: 
I 

0 1  

4 ,H 
2 76 
1:s 
9,3I 

15,lI 

629 ' 
e a  
387 

651 
1.050 
46.3 

Total ......... 
CIrandtOtal 1Wl3* 

Intermediate 
Summer. 
winter: 

Total.. ............. 

200 8,23 

: .................... ............... .................. 
14,08 

Days altor Days before. - 
10 - 

170 
851 
318 

...... 

1.618 
1,?36 

475 

.._._. 
ius 
516 
609 

...... 
1,496 

882 
813 

...... 
509 
720 
710 

...... 

1.000 
397 
984 

...... 

5,138 
4.596 
3.973 

13,707 

3,3(1? 
438 

2.980 

....... 

415 
1,651 

20 

....... 
0 

58 
4.93 

....... 
74 
0 
0 

....... 
3,791 
2,lW 
3,463 

9,450 

....... ....... ....... 
15,282 

- 
a 
- 

4 

- 
5 - 
in0 
7R5 
284 

....... 

1.527 
1,17? 

SI 1 

....... 

4i l  
1, ns!, 

&%S 

....... 

47:: 
1,088 

715 

- 
6 a - 

5w 
1.167 

357 

...... 
i.ws 
1.:!92 

873 

...... 

487 
532 

l.&W 

..... 

5RB 

868 
?.nir) 

..... 
277 
516 
779 

..... 
L O R 6  

317 
633 

..... 

4 . W  
5, %E 
4.698 

5.199 

1.m 
1.707 
P,2?0 

..... 

0 
689 

I 

...... 

18I 
15i 
ell 

...... 

( 
1: 
7: 

..... 

2, os 
2 5 6  
2: 38: 

6,9& 

..... ..... ..... 
16.35 
- 

1 1 2 
6 1 1  

-i- - 
564 
933 
365 

...... 

1,5W 
1,475 

7 51: 

...... 
3a 
34n 

1,000 

...... 

77u 
?.3?R 

901 

...... 

42s 
508 
105 

...... 

1,131 
387 

1,121 

831 
4?? 
2711 

...... 

L?63 
1,405 

573 

...... 

S2R 
534 

1,016 

...... 

858 
1 . 2 3  

676 

..... 

711 
559 
590 

..... 

%53 
734 
610 

..... 

5.492 
4,912 
3,735 

4.139 

2.778 
1 .24  
2.177 

..... 

a 
1 g . W  

364 

...... 

3M 
67: 
li: 

...... 

16 
44 

t 

...... 

3,30: 
3,?9 
2,711 

9.3a 

..... ..... ..... 
15, 69; 

1904: 
Winter ......... 
Intermedlate.. . 2811 
Summer. ....... 322 

R?O 
X?? 
235 

..... 

1 - 3 3  
1.387 

59: 

..... 
3i7 
459 
929 

..... 

1.091 
?. 653 

8?4 

..... 

4M 
469 
350 

..... 

1.w 
4% 
RI1 

...... 

5,13i 
A.7Si 
3,841 

I S , U !  

1.7.5: 
2 . M  
1,912 

...... 

7I 

11 
1.w 

_.._. 

14 
181 
e 

..... 

10 
11 
7 

..... 

2.13 
3.48 
?,us 

8869 

...... ..... ..... 
16. b9 

W? 
6'6 
287 

...... 

1.385 
l.?n4 

452 

...... 

37s 
401 
4s 

...... 

1,1%5 
2,197 
1 , lM 

...... 

465 
55n 
m 

...... 

1,413 
610 

1,?81 

...... 

5 438 

4s 334 
15.360 

l o 4 9  

1,m 

5: 5 s  

2: 841 

...... 
8'2 
i!X 

1 E  

...... 

1% 
9t 
6: 

...... 

w 
1s; 
31 

..... 

1.411, 
3 . m  
1,m 

7,11' 

...... ...... ...... 
16,MI 

i3S 
6% 
9x0 

..... 

1,265 
970 
4s6 

..... 

5n3 
191 
653 

..... 

1.153 
1.624 
1.433 

..... 

500 
Ins 

1,3611 

..... 

962 
530 
S71 

..... 

5,4?1 
4 . W  
5.0% 

15,315 

1 W  
1:7W 
i,?ia 

...... 
? 1( 

1,aOr 
5i 

...... 
4 w 
I 

..... 

I? 
8 
I 

..... 
1,38 
3.20 
1.27, 

5,87 

..... ..... ..... 
16,29 

s n  
i&5 
385 

....... 

1.20: 
1,033 

706 

....... 

358 

.%9 
7ni 

....... 

i.aw 
891 

1,317 

794 
7.76 
331 

...... 

1.575 
I.0M 

662 

...... 

331 
i (XI 
554 

..... 

1.06? 
516 

1.181 

..... 

314 
570 

1.05i 

..... 

l.?Oi 
ss1 
7M 

..... 

4,501 
4 203 
4: 571 

3,275 

3 197 
1:37l 
1.385 

..... 

2% 
1.801 

312 

...... 

( 
2i 
1: 

...... 

1; 
21: 

I 

...... 

3,44( 
3.40' 
1,TJI 

8.56 

..... ..... ..... 
14,70, 

845 
Ro7 
390 

...... 

1.376 

873 
i.ww 

...... 

,530 w.! 
416 

...... 

7?0 
795 
816 

...... 

375 
592 
41s 

...... 

1.mz 
394 
684 

...... 

:E 
3,887 

12,691 

3, op4 
1.5?4 
2.382 

...... 

181 
2,171 

341 

...... 
I: 

aac 
4: 

...... 
I 

21: 
I 

...... 

3 ?& 

2.75 

10,u 

4: 1s 

...... ...... ...... 
14,39 

..... 

1,594 
1, "47 

ioll 

..... 

i53 
581 

1.041 

..... 
625 

1.445 
844 

..... 
M? 
618 
827 

..... 

903 
800 
130 

..... 

5.158 
5.1Al 
4,229 

14.564 

3.1w 
D8l 

2,4W 

...... 
l i  

1.4% 
?# 

...... 
2M 
67! 
21 

..... 

2! 
TJ 
I 

..... 

3.35 
3,211 
2,74 

9,30 

..... ..... ..... 
16.11 

...... 

1,822 
1.153 

781 

...... 

552 
572 

1.073 

...... 

,533 
l.iW 

743 

. . _ . . I  

aoa 
493 
888 

...... 

979 
530 
e44 

...... 

4,700 
5 5 9 n  i: 075 

14,965 

2388s 
047 

2,392 

...... 

0 
1,387 

301 

...... 

47 
859 
88 

...... 

e 
5t 
3! 

...... 

3,oz 
3 2 2  

9, OC 

2:sn 

...... ...... ...... 
16,474 
- 

Total ......... .... 1 .. I....... 
............... 

1,301 , 1.581 
1.391 i 1,831 

638 I 488 
! ............... 

1905: 
W i n k  ......... I ? H I  1.182 Summer.. ...... 163 
Intermediate.. . I p s  

Tnlal.. ...... .I.. . ..I ....... 
816 
4n3 

1, oxq 

....... 

723 
1,327 

D66 

....... 

2M 
858 
814 

....... 

1.100 
50s 
505 

...... 

4.464 
5,108 
4,236 

13,858 

4'E 
2,372 

...... 

398 
S7? 
172 

....... 
47 

1SB 
3s9 

....... 

lOa 
0 
0 

....... 

5,038 
1,Wi 
2.Q3( 

9,96! 

....... ....... ....... 
15,511 

1m: 
Winter ......... 10 W? 
Intermedlrrte. -. ?I 577 
Summer ........ I 18 1 765 

481 
353 
8S7 

..... 
848 

1,019 
972 

..... 

440 
743 
850 

..... 

1.187 
415 
89'3 

..... 
4. 7 w  
5, &5 
4.2il 

4,148 

4,505 
475 

3,011 

..... 

236 
1,153 

45 

...... 

r 
e;: 
183 

...... 

6l 
( 
( 

...... 

4 80: 
1'81: 
3: 73: 

IO, I: 

..... .._.. ..... 
15,87, 

I Total.. ...... -1.. .... I....... 
1!MMi: 

Intermediat8..{ Winter.. ....... I 1,363 853 
Summer.. ...... 4.43 

Totsl.. ...... .I.. ... .I.. ..... 
1DOS: 

Winter 
Simmer.. 716 

406 
563 

1,437 

....... 

1.M 
5'11 
%!I 

...... 

4,99(1 
4,324 
5,?Q 

14,777 

2,173 
1,143 
1.38 

...... 

261 
1,4?4 so 

....... 

0 
34 
0 

....... 

51 
142 

( 

....... 
2,4K 
2.w 
1, 4sI 

b, 744 

...... ....... ....... 
15,901 

"16 
531 
7'3 

...... 

1,172 
432 
rL33 

...... 

4,559 

4, w 4  
5,117 

13,769 

2,472 
1.717 
2.133 

...... 

1; 
1.802 

330 

....... 

178 
278 
85 

....... 
121 
125 

C 

....... 
2,78$ $5 
9,251 

....... ....... ....... 
15.31; 

Total.. ...... ... ..... 
1DOD: 

Winter. ........ 848 
Intermedlate.. .I ?i I 813 summer.. ...... i13 

Total.. ...... .I.. ... _I.. ..... 
Winter ......... 
Intermediate.. . 
Summnr ........ 

1904-1m 
4.797 
5. rn 
4.5I-l 

i5.325 

2,3?9 
2.167 
1.711 

...... 

68 
840 u 

...... 

392 
160 
21 

...... 

36 
87 

101 

...... 

?, 7'23 
3354 
1,S3f 

7.913 

...... ...... ...... 
16,644 
-- 

Total ......... 
1910: 

Winter. ........ 1 W  
Intermerllate.. 1 :: I 1:711 
Summer ........ 18 1,981 

I Total. ....... ..... , ....... 
1811: 

Winter.. 
Summer.. 28! 

Totsl.. ... .-..I.. ... .... 
leu: 

Winter.. ....... I 2H 1 421 
Intarmediate. . 3c 
Summer.. ...... 42 

Total.. ...... .I.. ... -1.. .... 
1913: 

Winter.. g: 

Summer.. 
Total.. ................. I I - -  

1910-1913: 
Winter ......... I 1 2,42 
Intermedlate.. . 3 , l O  
Summer ........ 75 2.70 

* In getting these 1 s t  totals tile Ilgures lor 1810-13 have been divided by 6 to reduce to same scale as ecnrller years. 
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TABLE 4.-hily diffmenees between disturbantea of sun’8 surfom in NW.+8E. quadrants and in NE.+8 W. quadmntAonthued. 

1 

,410 
627 
344 

For the y.~ars 1904-1808 the Qures demote the areas of eolar wbm, whlle for 1910-1913 they denate total areas c4 srmapots and should be divided by 6 t o  make them cam- 
mensurable mth  the umbral areas. In  all cases only the part of the sun more than 30” from the central meridian is considered. 

IN RELATION TO DAYS OF HIGHEST GRADIENTS IN NORTHERN SECTION OF NORTH ATLANTIC OCEAN. 

[Summary J 1 4 J B  

-- 
2 -- 
304 
657 
3117 

IC- 
375 
853 
330 

1.421 
404 
724 

757 
434 
219 

301 
L464 

611 
371 
593 

248 
1,304 

821 

a 713 

3:N10 
4’690 

11,943 

3,741 
2,(191 
1,422 

.. 
547 

2,226 
1% 

....... 

1 5  -- 
244 
642 
367 

.............. 

1,431 
4sl 
923 

.............. 

792 
3m 
34.4 

.............. 
448 

1,344 
a 5 3 8 6 8  

.............. 

777 
471 

1,189 

.............. 
272 
S95 
750 

.............. 

3 w 
4:lM 
4,447 

12,5W 

4,600 
3,214 
1,153 

............, 

096 
1,962 

46 , ....... 

1904: 
Winter ......... 
Intermedia te... 
Summer ........ 

Total.. ............ 

Total.. .......... I- 

- 
9 

24 
17 

1.4:?5 
781 
s.42 

M3 
488 
653 

1.314 
3.1111 
1,509 

363 
1180 
875 

321 
1.570 

563 

4,647 
7,554 
4,721 

16,922 

3,998 
2,843 
1.546 

Total.. ...... -1.. ... 

.............. 

1,%7 
4M 
440 

.............. 

w’? 
479 
S13 

.............. 

1.265 
? . ~ 9  
1,119 

.............. 

320 
$96 
725 

.............. 

335 
1,380 

577 

.............. 
4580 

4;385 
15,338 

3,439 
1989 
1:M 

6’373 

.............. 

1907kint, ......... 1 1t 
Intermediate.. . 21 
Summer.. ...... I l6 

2,046 
40i 
558 

1,011 
400 
601 

455 
1,277 

656 

525 
411 
914 

290 
1.611 

388 

4804 
4’791 

12,988 

4883 

1:456 

a:aes 

0’457 

1,176 
460 

D l 3  

385 

1w 
97 

6,541 
7,735 
2,301 

16,577 

IS,751 

Total.. ............ I 

1,936 
629 
558 

............... 

i05 
542 
430 

.............. 

505 
2,365 
1,106 

.............. 

407 
550 

1,476 

.............. 
263 

1,386 
461 

.............. 
4 , m  
6 214 

14,810 

3889 

1:079 

4:322 

6’513 

.............. 
6 5 8 9 6 3  

885 
721 

.............. 
1.001 

5 s  
102 

.............. 
189 

0 
0 0  

.............. 
5,792 
7,403 
1,992 

15.187 

.............. .............. .............. 
17,441 

1 W  
winter. ........ 
Intarm edbte... 
Summer ........ 

Total. ........I__. .. 

22 
13 
15 

1.3S1 
641 

1,Ml 

Total.. ..... ._I. .... 

1,592 w- wo 
.............. 

602 

416 

Total ......... I 304 

............... 
757 

1 0 0 5 M I  
456 

1W. 
Winter _ _ _ _ _ _ _ _ _  
Intarmedia ta... 
Summer ........ 

Total.. ............ I 

21 
18 
11 

435 
La31 

745 

348 
905 
530 

3.93 
1,483 

657 

3,957 
5’54 

13,081 

4,950 
1,164 

714 

3:i73 

149 
1,778 

771 
61 

802 

20 

58Ro 

2,044 

10,987 

3 : m  

14,915 

Totsl.. ....... 1.. ... 

.............. 

3% 
1,031 

467 

.............. 

348 
550 
389 

.............. 

338 
1.452 
en9 

.............. 

3,738 
5007 

11,907 

4,EB 
1,680 

895 

3:102 

.............. 

43 
1,847 

4483.44 
.............. 

820 
394 
887 

.............. 
14 

e 0 9 7  
0 0  

.............. 

so05 
3’998 
2 : n s  

11.129 

.............. .............. .............. 
13,772 

Winter ......... 18 
Intea’medlate.. . 15 
Bummer ........ lfl 

1912: 

l a .  
Winter ......... 
Intermedlate.. . . summer ........ 

Total.. ...... ... 

U 
20 
E 

575 
1,664 

481 

402 
1,436 

39s 

9 8 i i  
--- 

I 
387 

............... i . - - - - - - ’  
I 

1809: winter ......... 
Intermediate ... 
Siunmer ........ 

1,345 1,645 1,927 %I %I % 

E 
22 
2t 

.......I ......... ........ 

1904-1909: 
winter ......... 
Interm ediate... 
Summm ........ 

...................... I I  

af 
ll8 

D4 

543 
1 144 
(246 

1910 
Winter ......... 
Intermed Iata... 
summer ........ 

...... 

22 
11 
11 

2 9  
832 
812 

748 
1,889 
362 

...... 

502 519 
2,151 2,188 

182 23 

612 
1,807 
385 

1n11: 
wlnter ......... 
Iutarmedhte.. . 
Summer. ....... 

............... I 

11 
25 
14 

Dl ;E! 
024 647 

607 
61 

172 

200 
157 

4 7 2 4  
4’153 

10,977 

2:100 

............... I 

439 
69 
384 

.............. 

120 
157 

0 0  

.............. 
4,950 
3 015 

10,033 

2:oas 

.............. .............. 

264 

1 u  
147 

6,263 
6236 
1:812 

13,311 

14,162 

..................... 1 - 1  

a2 

.............. 

163 
152 

0 0  

.............. 

5,907 
6269 
1 : n l  

13,397 

.............. .............. .............. 
14,832 

13,923 12 976 12,132 I )  I 

76 I 142 

l? I 154 

I 

...................... I t  

271 
125 

0 0  

1919: 
Winter ......... 
Intermediate... 
Bummer ........ 

....... I ........ 1 ........ 

t 
11 
t 

.......I ........ ....... 

Total.. ............ 
l D l M D l 3 :  

Winter. ........ 
Intermediate.. . 
summer ........ 

Total __ ........ 
GImdtotal1aw191a: 

winter.. ............ 
Intmmedlate. -. 
Bummer.. ........... 
TU.. ............ 

71 
7: 
47 

ZOE 

. -. . 

.......I........ ....... 
I 1  

4 871 
5’781 
2:869 

13,521 

S 808 
6’8M 
3:124 

15,915 

........ I.... 
11,812 

15,080 

Days before. 

IZ,W8 

............... ............... ............... 
14,956 

6 
- 

305 
641 
?5? 

...... 

1.714 
426 
765 

...... 

19% 
492 

...... 
375 
742 
318 

...... 
502 
4h8 
514 

...... 
360 

1,Ml 
498 

...... 
4,346 
4330 
2: 837 

11,513 

4 e?? 
1,080 
e: 949 

...... 
a22 

1.888 
216 

...... 
920 
BBB 
420 

...... 
201 
l30 

0 

...... 

2% 
1,716 

17,241 

..__.. ...... ...... 
14,387 

- 
3 
-- 

310 
743 
271 

...... 

1 . W  
514 
sw1 

...... 

726 
455 
313 

....... 

779 
3,016 
1.754 

...... 
491 
766 

1,309 

....... 
314 

1,377 
507 

....... 
4,204 

:;E 
16,111 

2 561 
4’478 
1:266 

...... 
1,XE 

D67 
730 

...... 
724 
18 
la9 

...... 
68 
Bo 
0 

....... 
4,- 
5 593 
3: lk 

141% 

....... ....... ....... 
18,144 

376 
619 
329 

1,141 
e 2  
957 

...... 

1,022 
398 
527 

...... 

714 
1.574 
1, O W  

...... 

373 
728 
647 

...... 
ai4 

1,275 
687 

...... 
3,040 
5 246 

13.389 

4,640 
700 
808 

4: 203 

...... 
5bl 

h54D 
284 

...... 
513 
125 
088 

...... 
30 
97 
0 

...... 
5,734 
3,477 
1,881 

IO, OR 

...... ...... ...... 
15,071 - 

Days after. 
- 

3 

320 
026 
3?S 

...... 

1,237 
812 
980 

724 
057 
386 

...... 

293 
1.250 
42s 

...... 

ml 
38R 
411 

...... 
2e5 

1.391 
790 

...... 
3,208 
4,924 
3,323 

11,45b 

3,147 
2,329 
1,172 

...... 

340 
1,943 

333 

...... 
1.100 
904 
598 

...... 

18 
0 
0 

...... 
4,611 
5,256 
a, io2 

II,%9 

...... ...... ...... 
13,451 

6 
- 

24n 
716 
Mi 

1.511 
885 

1,244 

...... 
544 
376 
339 

...... 

330 
800 
805 

...... 

809 
555 

1,495 

...... 

280 
885 
607 

...... 
3720 
4: 127 
4.654 

12,501 

5. dos 
1,6M 
1,081 

...... 
812 

LB(J4 
Bo 

...... 
395 
Dl0 
39 

...... 
82 
70 
0 

...... 
6907 
5:318 
1,180 

I 3 , M  

...... ...... ...... 
14,735 - 

7 8  -I- 
258 

.......I ........ 

1,142 q 1.145 R 
.......I ........ 

1 I 
1,622 1,27? 

............... I 
210 2 s  

E 
............... 

13,121 1 2 , m  

............... 

El 30 E 172 

....... 1 ........ 
616 I 351 

............... I % I  0 % 0 

............... I 
6,911 8,293 
3,MD 1 3,342 
1,362 1,309 
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TABLE l.-Daily differenecs between disturbanma of a m ' s  S U I ~ Q C ~  in NW.+SE. quadranla and in NE.+S W. quodmntk-Continued. 

[Summary J 7-11.] 7 

IN RELATION TO DAYS O F  LOWEST GRADIENTS IN SOUTHERN SECTION NORTH ATLANTIC OCEAN. 

I I  Days before. 

---- 
winter ........... c-.l 7 .............. ' 108 

1904: 

Intermediate ..... 15 .............. 279 
Bummer. ......... 28 .............. 674 

Totsl.. ................................... 
1805: 

Winter ........... 16 .............. 1,283 
Intermediate.. ... 14 .............. 719 
Summer .......... 20 .............. 1,344 

Total.. ................................... 

Winter ........... 14 .............. 683 
Intermediate ..... 14 .............. 326 
Bulmller .......... 22 .............. 930 

Total.. ................................... 

Winter ........... 13 .............. 735 

1- I 

1801: 
Intermediate ..... 14 .............. 1,086 
Bummer .......... 23 .............. 2,451 

Total.. ................................... 
1808: whter  ........... I 5 1 .......I ....... 1 'la? 

Intermediate ..... 15 .............. 697 
Bummer .......... 30 .............. 1,091 

Total.. ........ -1.. .-..I.. .... -1.. .....I.. .... 
1808: 

Winter ........... 
Intermediate ..... la .............. rlsz 
Summer .......... .............. 261 

....... 1 .......I 871 

Total *. 
1904-1009: .............. Winter ........... 71 3 91t 

Intermediate.. .. .I 85 I.. ... .I. ...... I 3 ' w  
Summer .......... 145 .............. 6:7& 

Total ........... I 391 I ....... I ....... II4,211 

1910: 
winter ........... ....... 
Intarmedlate ..... 16 .............. l,m 
su mmer... ....... .............. 1,354 1 1 1 ....... 

Total.. 

1911: 
wintar ........... 19 .............. 49! 

summer. ......... .............. 59: 
Intermediate .... I ;; I ...... I ...... 1 

Total.. ........ -1.. ... .I.. .... _I_. .....I.. .... 
1912: 

Wlnter ........... 11 .............. 23l 

Summer. ......... 21 .............. 4l( 
Intarmediate .... I 18 1 ...... 1 ....._I 414 

Total.. .... .....I.. ... .I.. .... .I.. ... ..I.. .... 
1913: 

winter ........... ....... 
Intermediate ..... 12 5! 
Summer .......... 17 

Total.. ................................... I I I I  
191&19P. 

Winter ........... 71 .............. 4 85 

Bumme .......... 71 .............. 2.M 
h m a t e  ..... 1 58 I ....... I ....... 1 3:33: 

Total ........... 1 200 I ....... 1 ....... 110.N 
Gmd total, l904-19la 

winter. ... I.. ..... 
Intermediate. 
summer 

Total ............................... 15, 93 

............... 15 750 1 5 . m  

19,410 19,320 
Id544 10,501 .......... 17993 

Winter. 

Intermediate 

Summer ................ 9,167 7,658 l9,41 
Year ................................ 54,81 

- 
6 

83 
184 
673 

..... 

1 451 
1' 137 
1: 237 

..... 

535 
295 
882 

..... 

1.02-9 
524 

1,740 

..... 

40 
495 

1,322 

..... 
1, a57 

248 
448 

..... 

4,195 
2,883 
6,332 

13,410 

1, 
I.._.. 

501 
841 
4oE 

...... 

32 m 
a71 

._.._. 
11 
7( 
( 

...... 

5 Zl! 
2: 87! 
2,w 

IO, 17; 

...... ..... ..... 
15. IO! 

17.49 

1 5 . a  

18,24 
So, 98 
- 

- 
5 

119 
2 1  
713 

..... 

1,547 
992 

I, 245 

..... 

579 
323 
701 

..... 

973 
651 

1 , m  

.._.. 
37 

828 
955 

..... 

1,133 
42a 
803 

..... 

4,397 
2946 
5: ma 
2,831 

4,540 
1 , w  
1.889 

..... 
602 
4m 
475 

..... 

13E 
241 
411 

..... 
e 

8c 
c 

...... 

6.W 
2 M  
2: 766 

IO, 19! 

...... ...... ...... 
I4 ,U 

I7,W 

I6,76# 

I7,M 
52,w 
- 

- 
4 
- 

133 
219 
594 

..... 

,358 
9 028 
,386 
..... 

663 
Pa4 
989 

..... 

961 
861 .am 
.... 

35 
657 
999 

.... 

.I 

758 

._.._ 

gi 
i, 088 

1,871 

1,210 
1 301 
1: 670 

..... 
811 
450 
372 

..... 

333 
211 
6 4  

..... 

51 
97 

a 
..... 
4m 
io65 
2: 861 

0,161 

..... ..... ..... 
5,49! 

7, w 
8,651 

0,231 
6,724 
- 

- 
3 
- 

245 
285 
8Q3 

...... 

1.931 
1.116 
1,283 

...... 

552 
386 

I, 146 

...... 

716 
960 

1,322 

...... 

0 
475 

I, 115 

..... 

1.130 
837 
703 

..... 

4.574 
4058 
0: 325 

5,861 

4,212 
1,494 
2,458 

..... 
908 
317 
454 

..... 
840 
418 
830 

..... 

59 
0 
0 

..... 

6,OlV 
2220 

1,990 

3: 742 

..... ...... ...... 
17, GI 

19. ON 
11,094 

11,66I 
jl,19( 

2 
- 

150 
290 
885 

...... 

1,264 
1.348 
1,161 

...... 

el07 
402 

1,128 

...... 

975 

?E 
...... 

30 
540 

1,400 

...... 
1,007 
962 
981 

...... 

3,133 
4 550 

14,859 

3,115 
1.580 
2, 980 

7: lis 

...... 

884 
527 
383 

...... 

1,243 
919 
842 

...... 

101 
0 
0 

...... 

2z 
4, 

12,564 

...... ...... ...... 
16,553 

17,519 

23,381 

22,07# 
02,97( 

1 

127 
230 
899 

..... 

::E 
952 

..... 

526 
352 

1,167 

..... 

690 
1.079 
2, 

..__. 

a4 
595 

1, 100 

..... 

1,113 
1.024 WM 
..... 
4,043 
4600 
7: 080 

,6,2OJ 

t i  
1,883 
...... 

83( 
743 
26: 

...... 

84% 
1,242 

52: 

...... 

1 4  
t 
( 

...... 

3% 
2,w 

11,59( 

...... ...... ...... 
l8,13! 

m,95: 

n,4 
23, N 
65,781 

I 

lay of I 
)west 
radi- 
ent. 
- 

194 
248 
833 

..... 

1,aaO 
945 
808 

..... 

369 
4m 
997 

..... 

73a em 
2,923 
..... 

104 
454 

1,309 

..... 

774 
1,07t 

48( 

...... 

3,424 
34& 

14,354 

2, 67: 
1. 
2,4X 

7: 4% 

...... 

45: 
80! 
19; 

...... 

351 
1,421 

581 

...... 

1 4  
I 
I 

..... 

3e.Z 
4: 171 
3,274 

1,075 

..... ..... ..... 
16.201 

18, Of 

19,46 

22,4 
a,@ 

1 

247 
227 
744 

.... 

983 ., 036 
., 352 

.... 

403 
330 
872 

.... 

885 
708 

..... 

144 
570 

1,142 

..... 
618 
724 
5M 

..... 

3,271 
3,592 
h= 
3,7I  

2, flo? :: 
..... 

63i 
951 
171 

..... 

31 
59l 
7oi 

..... 

154 
4! 
( 

..... 

3% 
4: 05; 

0,7K 

.... .... .... 
5s 

6.60: 

8,24 

!l, 28, 
W, 13: 
- 

- 
2 
- 
232 
203 
8x3 

.... 

,085 
,119 
1 136 

.... 
659 
314 

I077 
.... 

643 
517 

,519 

.... 

208 
388 
880 

..... 
801 
6Bg 
606 

..... 

I, 428 
3 208 
5,924 

t ,  564 

?t 
a: 775 

..... 

78c 
818 
178 

..... 
9E 

7M 
775 

..... 
51 
l2 
ai 

..... 
393i 
2' e6 3: 7M 

0, J6( 

.._.. ..... ..... 
4.243: 

5,7# 

7,39: 

8.58. 
11,771 
- 

- 
3 
- 

178 
348 
776 

..... 

,304 
705 

,171 

..... 

796 
344 
974 

..... 

ess 
424 
m 
.... 

218 
396 
759 
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TABLE 4.-Daily cfifertnecs between disturbances of sun's surface in NW.+BE. quadrants and in NE.+8 W. qudants-Continutrd. 

IN RELATION TO DAYS OF LOWEST QRADIENTS IN NORTHERN SECTION OF NORTH ATLANTIC OCEAN. 
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ceses. 
- - 

767 626 612 
2 Cno 1215 1053 
1'108 1'307 1'748 
2:8R1 2:437 1:7B 
1,071 1,lQ 1196 
966 074 (169 

Total ..._ 17410,297 8,M5 7,726 7,049 

TABLE 5.- U m h l  arc08 in r u W n  to periods of mmhd bmomtrie dhturbance in Atlantic Ocean involving Q sudden decreaae and low gradients in 

[Summary K.] 

soutlran part CreCompanlGd by a great inacaw in sWungth of g r a  in northern part. (SeujEg. 8.) 

I 1 

9 8 7 6 5 4 3 2  -- -- 
564 640 709 l o 0 1  1085 

840 

7, l7l  7,!W 7,349 8,W 8,339 

1 1 8  2 156 1 aCn 2'490 2'433 
1'442 1 ' W  1'380 1'373 1'643 
1:325 1:191 1:462 (628 1:7M 
1210 886 1,018 
(393 l .422(  9 s  El 722 

Daymaitpa. I Day of I 

880 698 7Q 474 
2,420 2 677 2 347 2 Q5 
1,RM 1:741 1:67S 1 : m  
3,872 3,148 2,781 2,178 

1,175 1 457 1 025 888 
1,270 l:OE9 1,088 715 

9,986 10,592 9,604 18,366 17,223 I6,6S5 16,819 I 7 , M  17,618 8,582 9,661 9,653 

941 1 1 1  964 9oF, 881 11207 1:157 881 

The upper curves in these portions of figs. 5 and 6 show 
that the solar relationship is distinct a t  all seasons. Of 
the 12 solid lines in columns B, C, F, and G one shows a 
maximum on the day of reference, 4 show a maximum on 
the first da before, 4 on the second day before, and 3 on 
the third B ay before. Among the dotted lines there is 

1904 1909 
BEFORE AFTER 

1910 1913 
BEFORE AFTER 

7 5 3 1 1 3 5 7  

on0 - 

000- 

56000 

52000 

48000 

FIQURE 'i'.-solar relationehipa of the season8 (based on Table 3). 

much leas regularity. Nevertheless, there seems to be a 
tendency toward a maximum several days earlier than 
that of the solid lines. This can best be seen in figure 7 
where the four lines for each season in columns B, C, F, 
and G of Sgurea 5 and 6 have been averaged. The strong 
resemblance among the solid lines on the left of figure 7 
means that at times of many sunspots the response of 

the earth's weather to solar changes is essentially 6he same 
at all seasons. 

The dotted lines on the right in figure 7, representing the 
years 1910-1913, show no such regularity as do the corre- 
spondingsolid lines for 1904-1909. "he two upper dotted 
hnes, however, for winter and the intermediate season, 
display a trace of similarity. Moreover, in some respects 

ceding period of abundant sunspots. For instance, t eu  
niasimum, five to seven days before the day of reference, 
presumably corresponds to the maximum which occura 
one or two days before the day of reference at  times of 
many spots. Moreover, their minimum just after the 
day of reference probably corresponds to the minimum 
that occurs three days after the da of reference a t  times 

of many and few spots seems to be that when sunspots 
are few they are also weak. Thus it takes some days for 
their effects to become manifest. When sunspots are 
numerous, on the contrar , the effect is quickly felt, but 
is apparently soon neutr&zed by the appearance of new 
areas of solar disturbance. 
As to the summer line for 1910-1913 i t  is interesting 

to note not only that it departs most widely from the type 
to which the others in figure 7 approximate, but that it is 
also the one representing the least degree of solar spotted- 
ness, as appears from its low position. When suns ots 

are connected is presumablyso slight that it is completely 
masked. 

Comparison between unusually stormy periods in the 
North Atlantic and solar quadrant di$erences for 190.4- 
1909.-Let us now test our results in still another way. 
We have seen that the supposed relationshi between the 

distinct conditions: (1) When a sudden flattening of the 
barometric gradients in the southern section of the North 
Atlantic Ocean causes the gradients to be unusually 
entle in that region, and (2) when a marked increase in 

&e gradients of the northern section causes them to be 
unusually steep. Let is now see what happens when the 
North Atlantic is visited b barometric disturbances such 

when the northern set follow within a day after the 
southern. For each of the six ears, 1904-1909, I have 

these conditions with greatest distinctness. The selec- 
tion was macle with absolutely no knowledge of the 
accompanying solar conditions. The quadrant differ- 
ences of the sun, according to our definition of that term, 
were then tabulated for 10 da before and after the first 

years are given in figure 8 and Table 5. The character- 
lstic features of the curvea of figure 8 are a maximum at 

they show analogies with the similar lines for the F- 

of many spots. The essential di H erence between times 

are least numerous the terrestrial effect with which t ?l ey 

pun and the weather is most clearly visib I;: e under two 

that these two sets of con 5 itions occur on the same day or 

selected from 35 to 35 periods o 9 one or two days showing 

day of such disturbances. El e results for individual 
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or near the central day of reference, two symmetrically 
placed minima from four to six days before and after the 
central day, and a rise at either end. The siimmar 
curve at t8he bottom brings out the essential features wit 
great clearness. In view of the lurge number of days, 174, 
on which this curve is based, its mety is astonishing. 

between the lower and h' her ortions. S w h  a curve codd 
scarcely be the result yacc$ent. Apparently there must 
be a real and important reluEiomAip. 

The fact that the curves of figure 8 rise at either end 
is the necessary result of our assumed conditions. The 
central maximum indicates large quadrant differences. 
Such differences generally mea.n that a large group of 
spots is located in only one of the four marginal areas 
indicated by the letters A to D in figure 3. Suppose 
that a group is brought into view by rotation on the 
margin near B and causes a barometric disturbance. 
Since a com lete solar rotation takes 26 or 27 days, this 

E c e  a spot apparently produces its chief effect soon 
after its appearance on the solar margin, it must reach 
a corres onding point on the other margin after an in- 

expected to produce a second barometric disturbance. 
Suppose that the first of these disturbances is selected 
for use in p r e r i n g p  8. There is bound to be an 
excess of qua ant erences not only at the time of 
the disturbance, but from 10 to 14 days later. If the 
second is chosen, it is bound to be preceded b a marked 

' uadrant difference some 10 to 14 days earfier. Thus 
%e rise of the curves a t  the two ends in figure 8 is a 

conse uence of the way in which our figures 
Et?:zated. It must occur if the central rise occurs. 
Its absence would merely show that disturbances of the 
solar atmosphere die out while passing from an effective 
position on one margin to an effective position on the 
other. Hence the s metrical rise of the curves of 

F e center. 

vious diagrams we have gener found an interva of 

and the terrestrial response. In  the case of the years 
with few spots this increases to six or seven days. In 
the present case, however, where we are using only the 
most estreme barometric disturbances during years of 
abundant sunspots, it ran es from zero to two days. 
Apparently the stronger %e relationship the greater 
the synchronism of cause and effect. 

Suppose we arrange tshe upper curves of figure 8 in the 
order determined by the intensity and regularity with 
which three conditions make themselves apparent: (1) 
"he height of the central mtnrimum; (5) the symmetry 
of the depressions on either side; and (3) the s chmnism 

effect. In order to avoid accidental megularities we 
may well use the dotted linea which have been smoothed 
by the simple formula 4 (a + 2b + c )  = b. The order seems 
to accord closely with that of the sunspot numbers for 
the res ective years, which a pear as follows when 

i 
So too is the fact that there is a T iflerence of 50 per cand 

up wil l  t e visible to the earth for about 134 days. 

terval o F 10 to 14 days. Accordingly it would then be 

8 at either en r is as significant as is the rise in 

In the r- One more fact is emphasized b figure 8. 

from one to three days between 4 t e supposed solar cause 

between the solar cause and the suppose P terrestrial 

arrange$ accordmg to magnitu B e: 
1907 ..................... 64.6 1908.. ................... 47.3 
lW6 ..................... 58.6 1909.. ................... 44.3 
1908.. ................... 53.8 1934.. ................... 41.1 

The curve for 1907 is unquestionably the most char- 
acteristic. That year sunspots were more numerous 
than at any time since 1895. The dotted line for 1905 
is almost as regular as for 1907, while 1906 rivals the 

other two in symmetry, althou h the contrast between 
the ma%- and the two f l a n . g  minima is less pro- 
nounced. In  1908 the central part of the curve is more 

DAYS BEFORE BEGINNING DAYS A m  

I ? ? ?  ? ? ? ? ? + !  Q ! ?  ? $ O Q f y ? t p  

1 
0 

'"9 
28 OAYZ 

500 

0 

t 
10000 

6000 

4000 

2000 

Lc 
0 . . . . . . . . .  . ' " ' ! ' ' '  

FIQUEE S.--R.elation between solar diaturbancea and stormy periode 

OlrEinaka indwate the differencea between the areaa of umbm more 
than 30 degreea from the mn'e center in the NW.+SE. and NE.+SW. 
quadrants. 

Abscissas indicate time with reference to barometric disturbancee 
characterized by a fall of the radienta to a low level in the eouthern 
or high prearnue area of the d r t h  Atlantic accompanied, or followed 
withm two days by a marked increase in the strength of the gradients 
in the northern or low preermre area. 

Number of days 'ven on the right indicate the number of diaturb- 
ancea in the North ftlantic. 

The zero of the a b a c k  ie the h t  day of each disturbance. 

iqthe North Atlantic Ocean. (Cf. Table 4.) 
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r p a r  than in 1906, but the preceding minimum is not 
w 1 developed; 1909 is still more irregular because the 
central maximum is lower than another maximum occur- 
ring five days earlier, a t  a time when the well-develo ed 
curves show a minimum. Finally in 1904, which f ad  
the lowest sunspot number, the maximum deihitely 
parts com any with the day of reference, and occurs 
two days iefore. Thus for these six years it appears 
that the more abundant the sunspots the more pro- 
nounced is the terrestrial reaponse, and the more promptly 
does the response follow the supposed cause. 

(To be continued.) 

BBEATEING? WELL IN CALIFOBNU. 

Mr. N. M. Cunnin ham, observer at Red Bluff, Cal., 
writes under date of 1 pril 18, 1918, that there is a known 

“breathing well” on the ranch of D. Ewing, 6 miles 
northwest of Red Bluff, Cal. The well is 60 feet deep, 
about 3 feet in diameter and tightly covered by a board 
platform ta ped by a small iron pipe carrying a small 

b its sounding. Mr. Cunnin ham has com ared the 

record at  
when the barometer is rising, and “breathes out” when 
it is falling. 

This further c o n h s  the previous experiences with 
such wells; but an interestin and erhape very valuable 
quantitative study of this w%s bgavior could be made 
b recording its changes in some detail and analyzing 

the manner fo owed by E. C! Bilham (see abstract and 
reference in this REVIEW for January, 1918, p. 26).- 
c. A., jr. 

whistle whic g always gives warning of approaching storms 

‘6reathing” of the well wit fl his station g&mgrap$ 
ed Bluff and h d s  that the well “breathes in 

lf t I!! em with res ect to atmos heric pressure changes in 


